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A Furnace Scanning Periscope 
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taken by the Instrument 
Section, Physics Depart- 
ment, for the Open 
Hearth Instruments Sub- 


By Charles Burns 


SYNOPSIS 
A water-cooled periscope has been developed which can be in- 
serted in an open-hearth furnace and give an effective viewpoint 
within the furnace walls. Its field of view is sufficient to cover any 
portion of the furnace interior when inserted through a single 
aperture in the back or the front wall. It can be used for still or 


periscope, capable of 
being used either for 
photographing the furn- 
ace interior or for visual 
examination. Although 





Committee (later incorpo- 
rated in the Steel- 
making Instruments Sub- 
Committee) of the Steel- 
making Division of B.I.S.R.A., as part of an 
investigation into the temperature distribution on the 
open-hearth furnace roof. The only way of securing a 
view of a large portion of the furnace roof, without 
making prohibitively large openings in the furnace 
walls, is to adopt a viewpoint inside the furnace, i.e. 
to build an optical system of the nature of a periscope 
which conveys light from a variety of directions to 
outside the furnace. Such a system must be water- 
cooled, and its feasibility had been demonstrated by 
the use of such a periscope on an open-hearth furnace, 
and in the Flame Radiation Research Committee’s 
experimental furnace at Ymuiden. ‘This earlier 
instrument,* originally built by the British Coal 
Utilisation Research Association, had been fitted with 
an improved optical system by B.LS.R.A. and used 
to take 16-mm. films. Its field of view was restricted 
to a cone 27° wide at right-angles to the axis of the 
periscope tube. Subsequently, an optical system was 
conceived, suitable for fitting into a protecting water- 
cooled jacket, with a total field of view of 120°, 
which would include the “~hole of the furnace interior 
when inserted through _ingle aperture in a wall. It 
was accordingly decideu to build and test such a 


observation. 





Paper SM/AH/25/55 of the Instruments Sub-Com- 
mittee of the Steelmaking Division of the British Iron 
and Steel Research Association, received on 23rd 
November, 1954. The views expressed are the author’s 
and are not necessarily endorsed by the Committee as 
a body. 

Mr. Burns is in the Instruments Section of the Associa- 
tion’s Physics Department. 
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ciné photography (normal or high-speed) or for direct visual 


development is still pro- 

1114 ceeding, results so far 

achieved are considered 

worthy of publication, as 

the instrument in its present state has shown itself 

capable of application in a number of ways to research 
on the furnace. 


THE INSTRUMENT 
General Considerations: Protected and Unprotected 
Periscope Systems 

The advantages of a wide angle of view in a peri- 
scope system are obvious; if this angle is greater than 
can be reproduced by the eyepiece system, these 
advantages are sometimes considered worth obtaining 
at the cost of a certain reduction in magnification. 

These wide angles of view are frequently obtained 
by introducing an angular magnification of less than 

1 in the first stages of the optical system, by 
combining a negative front lens with a positive 
behind it. The effect is similar to a Galilean telescope 
(i.e. ‘ opera-glass ’) reversed, the angle of rays to the 
axis being reduced after passing through this part of 
the system. If the front (negative) component is 
made convex towards the object, a very large angle 
of view can be obtained (Fig. la). The photographic 
‘sky lens’ made on the same principle has a field of 
180°. With such a system, however, the optical 
position of the entrance pupil is virtual, and behind 
the first lens. Rays from different parts of the field 
go through different portions of the front lens, and 
for a large field of view a large area of front lens is 





* PD. M. Wilkins, B.C.U.R.A. Internal Report No. 7, 
Feb., 1949. 
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Fig. 1—Wide-angle systems: (a) unprotected, (6) pro- 
tected 
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used. This is at variance with the requirements of a 
system which has to be protected from heat and other 
unfavourable conditions. For this, an entrance pupil 
falling in front of the optical components is desirable 
(Fig. 1b.) The physical aperture admitting the light 
through the protective jacket can then be reduced to 
a diameter near the theoretical minimum. 


Performance Required 


Figure 2a shows that, to cover fully the roof of a 
typical furnace, a field of view of 120° is required. 
The site considered most suitable was on the back 
wall, where an instrument can be placed without 
interfering greatly with the operation of the furnace. 
A point of insertion about 2 ft. below the roof and 
about a quarter of the way along the back wall was 
chosen as being a reasonable distance away from the 
roof but above the bath and clear of flame. 

An interesting feature of the furnace was brought 
to light in analysing the merits of possible sites. For 
a radiation pyrometer looking through the back wall 
in the average position adopted and sighted on the 
crown of the roof, the line of sight is at approximately 
25° to the plane of the element of roof which it 
‘views.’ If the periscope is used to look at the roof 
over the nearer half of the furnace’s length in the 
position described, then only in two very small areas 
is the angle of view more than 5° more oblique than 
the angle for the fixed pyrometer; over a large propor- 
tion it is much less oblique. This is a result of the 
curvature of the roof. 
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Fig. 2—Zones of view of the periscope in an open-hearth furnace: (a) vertical scanning, (6) horizontal scanning 
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The Optical System 

The optical system developed as a solution to this 
problem is illustrated in Fig. 3. The head unit 
(Fig. 4), which forms the first image of the field of view, 
embodies the unusual design features which give the 
periscope its particular performance. The central 
objective reforms this image at the end of the tube 
outside the furnace, where it is examined by a con- 
ventional type of eyepiece. The power of the eyepiece 
is adjusted so that the overall angular magnification 
of the periscope is x 4. This reduced magnification 
is chosen for the advantages it gives in photography, 
by permitting a narrower-angle lens to be used. It 
also greatly increases the depth of field, since the 
apparent distance of an object nearer than infinity is 
increased in the ratio M?, if the magnification is 
x 1/M. At the largest aperture normally used, the 
camera can be set so that the field is in focus from 
infinity to about 2 ft. 


Performance and Details of Design 


In the head unit, a plane plate, which both reflects 
and transmits light, pivots to reflect light from a 
variety of directions on to a fixed concave mirror, 
which forms an image of the field of view in the 
region towards which the reflector plate is directed. 
The total field of view (which could be continuously 
swept by this means but for the need to limit the 
number and size of openings in the water jacket) is 
covered by using three entrance apertures, which 
look in directions 40° apart. The zone of view covered 
by each is 473° wide at its maximum. For photo- 
graphic purposes this is masked into a rectangle 
40° x 36° wide. In this way each photograph in a 
‘scan’ abuts exactly on its neighbour, and a set of 
three such photographs covers a field 120° x 36° 


wide. By rotating the periscope on its axis, a sphere, 
minus a 120° cap, can be covered. In practical 
terms, the whole interior of a furnace can be viewed 
by the periscope inserted horizontally through the 
back wall, if the latter does not slope more than 30° 
from the vertical. The roof can be scanned from front 
wall to back by the three zones of view, and almost 
the whole of the roof can be included in four such 
scans, 36° apart in rotation of the periscope (compare 
Figs. 2a and 6 with the photographs in Fig. 7 taken 
from this position). 

In each photograph a ‘ blind spot’ is visible. To 
extend the view of the reflecting head unit to the 
direction in which the periscope is pointed, one of the 
three entrance apertures is made in the concave 
mirror itself. In this small region the view is inter- 
rupted and replaced by a patch of light. passing 
straight from the furnace. Hence it appears dead 
white in some photographs. In others it is blacked 
out by a small disc interposed in the focal plane of 
the mirror. It does not prevent a view of any portion 
of the field, for the point it conceals can be seen by 
rotating the periscope slightly. 

The entrance apertures are covered by circular 
windows of } in. dia. mounted in the optical tube. 
In the water jacket, three openings with walls flared 
out admit the cones of light rays used by each. 
Compressed air, introduced between optical tube and 
water jacket, escapes over the outer surfaces of the 
windows to assist in cooling them. 

The water jacket (47 in. outside dia.) is held in two 
journal bearings to permit axial rotation. It is 
mounted on a wheeled trolley with adjustments of 
height and angle. Figure 5 illustrates the complete 
instrument, with the 35-mm. camera in position. 
For photography, suitable brackets for a still or 
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ciné camera clamp on to the eyepiece tube. For 
visual use, a detachable end piece, with a small 
aperture to help in positioning the eye as in a telescope 
or binocular, is screwed on. Adjustment in axial 
rotation for the purpose of photographic surveys is 
assisted by a heavy click-stop on the water-jacket 
barrel with positions one zone’s width (i.e. 36°) 
apart. 
Fuller details of the instrument will be published 
elsewhere. 
PERFORMANCE AND EXPERIENCE ON 
FURNACES 
Introductory 
In trials the periscope was used inserted in three 
sites on the furnaces involved. These were: 
(1) Through the back wall 
(2) Through aperture in charging doors 
(3) Through aperture admitting burner tube. 
The trials explored both the performance of the 
instrument and the ways in which it could be em- 
ployed, and the results are summarized below. 


Water-Cooling 

The normal mains supplies of the various furnaces 
have been used to supply the cooling water. The 
following typical set of figures was taken when 
inserted in the burner position: 


Ingoing water temperature 28° C. 
Outgoing .,, me oe 
Ingoing water pressure 34 Ib./sq. in. 
Flow 4-3 gal./min. 


The water supply thus provides cooling far in excess 
of the normal requirements, and the periscope can be 
inserted into the furnace much further, if need be, 
than the 3} in. necessary to uncover the windows. 

For supplying the water, anti-kinking tube is 
particularly desirable because of the rotation of the 
water jacket involved in operating the periscope. 
Optical Performance 

The view seen through the periscope appears 
perfectly sharp to the eye. As the magnification is 
x 4 this means that the resolving power is at least 
half that of the eye. Laboratory tests show that the 
resolving power is sufficiently high for a « 1 magnifi- 
cation to be used visually, if desired. 

For photography, an iris diaphragm behind the 
central objective takes the place of the camera’s iris 
(which is kept fully opened) in controlling exposure 
times. 

Exposure data given below relate to a reflector 
plate made of plain glass, which was used in trials. 
Exposure times are approximately halved if a 50% 
reflecting metallized plate is used. 

Visual Use 

In the furnace visual observations have been made 
with ease whenever the instrument has been inserted, 
and a wide variety of subjects and furnace conditions 
have been viewed ‘from the inside.’ Most of the 
objects photographed on instantaneous exposures or 
ciné films have previously been observed visually. 

This power of visual observation or photography, 
either alternatively or simultaneously (as with the 
‘ parallax-free ’ viewfinder) gives the possibility of a 
two-fold approach to the study of furnace phenomena. 
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These can be watched visually, and selected aspects 
can be photographed; or comprehensive photography, 
especially by ciné film, can be analysed in more 
favourable conditions away from the furnace. The 
ability to repeat ciné films and to arrest motion on 
still photographs, coupled with the completeness of 
the record obtained photographically, make the latter 
approach of great potential value, even on processes 
which are common and occur continually. The ability 
to ‘ shoot on sight,’ on the other hand, makes it easy 
to record and study happenings which may be 
infrequent and unpredictable. 

The x 4} magnification has not proved a noticeable 
disadvantage, partly because the effective viewpoint 
inside the furnace is 6 ft. nearer than the observer to 
the subject. The eyes need protective glasses at any 
but the smallest periscope stop. 


Photography: Apparatus Used 

Both still and ciné photography have been exten- 
sively tried out and full data have been obtained on 
the exposures, etc., required for the furnace interior. 

For still photographs, a Zeiss ‘ Tenax,’ taking a 
negative 24 mm. x 24 mm. on 35-mm. film, has been 
used. It has a combined film wind and shutter priming 
lever which enables exposures to be made in rapid 
succession. The interchangeable lens mounting was 
used to fit a 63-mm. f/4-5 lens which utilized the 
negative size to the greatest possible extent, the 
periscope field covering 24 mm. x 21 mm. For ciné 
photography, a Bolex H-16 16-mm. camera with 
standard l-in. lens was used. At first each camera 
had its own fixing bracket, but a universal camera 
mount has since been made which can rapidly be 
adapted to cameras of different dimensions, or re- 
moved from the eyepiece tube to permit visual 
observation. 

When the ciné-camera lens was placed in the 
correct position, sufficient space remained between it 
and the eyepiece lens to insert the reflector plate of 
the ‘ parallax-free’ viewfinder. This attachment 
(Fig. 6), made by B.LS.R.A. for applications such as 
this, intercepts a small fraction of the light entering 
the camera lens to form its image, and enables films 
to be taken through the periscope while the subject is 
being watched by the operator. The advantages of 
this in guarding against misadjustment and in choos- 
ing the moment to film are obvious. 

Some tests were also made with a Kodak high-speed 
film camera, but this is too heavy for the eyepiece 
and was used on its own tripod. 


Photography from Various Viewpoints 

The photographic results are illustrated by Figs. 
7-12. From the position on the back wall, the whole 
interior of the furnace can be photographed. Figure 7 
shows a display in which 18 exposures (6 sets of 
3-zone scans 36° apart in axial rotation of the periscope 
barrel) have been put together to give a practically 
complete picture of the interior of an open-hearth 
furnace. Since each exposure is 40° x 36° the field 
covered by each scan is exactly contiguous to its 
neighbour in the direction at 90° to the periscope 
barrel and overlaps increasingly to the ‘ pole,’ the 
point at which the axis of the periscope points, which 
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Fig. 4—Head unit 





Fig. 5 





Periscope on a furnace, with still camera on bracket 


Fig. 6—Ciné-camera in position on 
the periscope, using the ‘ universal ’ 
camera mount, and fitted with the 
parallax-free viewfinder for simul- 
taneous viewing and photography 
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Fig. 11—Roof looking upwards from 
inside charging door showing varying 
degrees of erosion 
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Fig. 12—-From beside burner: (a) furnace charged 
with scrap; (6) back wall and roof 
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is included at the end of each scan. With a suitable 
camera such a ‘ composite’ of a furnace interior can 
be obtained in 4-1 min. 

Five exposures from this set are shown at greater 
enlargement in Fig. 8. They together represent a 
panorama in the horizontal plane of the furnace 
interior. The exposure from 120° to 80° right, further 
to the right of the scene as illustrated, showed little 
detail and has been omitted, but part of the corre- 
sponding zone to the left, looking down the length of 
the back wall, is included. The hole in the back wall 
was one of two sets of three on each side of the taphole. 
The inner ends of the corresponding holes in the other 
side of the tapholes are shown in this exposure, and a 
white arrowhead has been marked in pointing out the 
corresponding hole to that through which the periscope 
was inserted. Kodachrome photographs also exist of 
the same scene, but to date no ciné films have been 
taken from this position. 

The view through a charging door is shown in 
Fig. 9. The deep recess of this door cuts off the last 
zone on each side, and less than 160° of the bath, 
flame, and inner surfaces of walls, etc., is visible, 
compared with 240° in the horizontal plane when 
inserted through the back wall. This recessing, how- 
ever, offers much greater protection to steel splashes, 
etc., and vigorous boiling and other happenings can 
be viewed with greater impunity from this position. 

Figure 10 is an ‘ integrated ’ picture of a flame from 
a similar viewpoint. The exposure, by the use of a 
filter, has been lengthened to 1 sec. and the effect of 
turbulence has been averaged out. It has been pointed 
out* how such a method of photography illustrates 
the agreement of an open-hearth flame with jet 
theory. 

In connection with the study of flame shape, a 
method of projecting these multiple exposures so as 
to form an uninterrupted picture has been worked out. 
On a curved screen, these form a panorama which, 
when viewed from beside the ‘ multi-frame projector,’ 
re-creates at 1/1 angular magnification the original 
scene presented to the periscope. By the use of a 
flat screen correctly orientated, the differences in 
scale and geometrical projection between individual 
exposures can be removed, so simplifying photo- 
grammetric analysis of a study of flame taken in this 
way. 

Figure 11 is a two-exposure scan of the furnace 
roof, taken looking upwards from the charging-door 
position. It indicates the potentialities for study of 
roof erosion. This photograph clearly shows how the 
roof is comparatively undamaged over the axis of the 
furnace, where the joins of the courses of brickwork 
are distinctly seen. Nearer the front wall it takes on a 
rough and eroded appearance, and the details of the 
bricklaying are completely lost. Dripping from the 
lintel of the door is also visible at the top of the 
picture. 

Ciné films have also been taken from this position, 
showing the bath during refining, and the flame at 
different steam/oil ratios. The resulting change in 
luminosity of the flame near the burner can be seen 
taking place in the film. 





* M. W. Thring, Nature, 1953, vol. 172, p. 634. 
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Kodachrome colour photographs were also taken 
from this position. This method of photography 
appears able to capture great detail in the brickwork, 
even on the opposite side of the furnace. 

At the instance of John Summers and Sons, Ltd., 
trials were also carried out with the periscope inserted 
through the hole by which the burner is introduced, 
on the 150-ton furnaces at Shotton. For this, it was 
dismounted from its trolley and slung on a specially 
designed derrick. This position commands a view 
(Fig. 12) of a very large proportion of the furnace, 
from front wall to back wall and from bath to roof, 
and embraces it in a single zone, the forward-looking 
one. It has proved a most convenient and informative 
method of photographing and viewing happenings in 
the furnace interior; for certain subjects, where, for 
example, the shape of the flame in cross-section is 
important, it is far superior to other viewpoints. 
The furnace has been watched through a complete 
melt by this means, and numerous 16-mm. films, in 
colour and black-and-white, have been taken. Figures 
12a and b are ‘ stills ’ from one of these films. 

In this position the periscope is extremely well 
protected, and experience so far has indicated that it 
an be used almost indefinitely without damaging or 
fouling the window. 

The multiple’ photographs reproduced, giving 
panoramic views, can be photographed in their correct 
relationship on the negative, so that the effect is 
similar to a single panoramic photograph, except for 
the narrow gap in the negative between each in- 
dividual exposure. This is a useful property, as 
photographs frequently gain in significance when 
viewed in relation to their neighbours. To do this the 
zones must be photographed in the correct order, and 
the camera must be oriented correctly. The bracket is 
fitted with keying slots to effect this. 


Exposures and Filming Speeds 

Using Panatomic-X and a 1-in. periscope aperture, 
good negatives were obtained on a furnace in full 
operation, with exposures of ,', to sec. and a 
24-in. lens. 

Using Plux-X negative film, and a }-in. periscope 
aperture, 16-mm. films were taken at 64 frames/sec. 
(4X slow motion) with a l-in. lens. With a 2-in. 
aperture, films can be taken at natural speed on 
Kodachrome. Knowing these, other exposures could 
be satisfactorily calculated from the arithmetical 
speed factors given in film data. Allowance must also 
be made for the fact that since the aperture of the 
beam entering the camera is not controlled by the 
camera’s iris diaphragm, the exposure varies as the 
square of the focal length of the camera lens. 

The tests with the high-speed camera were handi- 
capped by lack of the appropriate lens (1 in. focal 
length), but their results, and those at lower film 
speeds, indicate that with a l-in. camera lens (or 
alternatively the standard 2}-in. camera lens and a 

! eyepiece) the high-speed camera can be used at 
or near its maximum speed of 3000 frames/sec. with 
full periscope aperture. Any further increase in 
illumination required could be supplied by using a 
50% reflecting plate in the head unit. 


=a 
100 
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Protection and Use of Protective Windows 

The purpose of the protective ‘ windows’ is two- 
fold: 

(i) To protect the interior of the periscope from 
splashes of steel and entry of gases from the furnace 

(ii) To absorb radiation which would damage com- 
ponents inside the periscope. 

The windows are of }-in. dia., circular, and about 
0-1 in. thick. The materials tried for the windows 
were Chance ON20 heat-absorbing glass (normal and 
toughened) and fused quartz. xi 

Trials showed that normal ON20 windows performed 
both their functions satisfactorily. They were unable 
to withstand completely the thermal shock of the very 
large solid angle of furnace radiation they received, 
and developed one or two fine heat-cracks through 
their thickness. Even so, they remained mechanically 
whole and continued to protect the system. The 
definition of the optical system remained unaffected, 
as the windows are imaged on the exit pupil, com- 
pletely out of focus to eye or camera. 

The only observed ill-effect caused by this heat- 
cracking has been a spurious reflection over part of the 
field of view in certain film sequences taken at the 
smallest stop (} in.), at which setting the optical 
system is most liable to show up any imperfection in 
the windows. 

As an alternative, fused quartz windows were tried. 
These withstand the furnace radiation, but being 
diathermanous they transmit it to the interior of the 
periscope. In spite of the restricted size of the windows 
this proved sufficient to fracture both the concave 
mirror and the reflector plate. The optical tube was 
very warm after the trial with quartz windows, more 
so than had ever been observed with ON20. Colour 
photographs taken while trying the quartz windows 
showed normal definition, however. 

When the toughened variety of ON20_heat- 
absorbing glass was developed, after the trials with 
normal ON20 and quartz, a number of windows of this 
material were obtained, and were tested in the 
periscope. They withstood insertion both at the 
burner position and through a charging door. Since 
they can do this, while at the same time stopping 
most of the heat radiation from entering the interior 
of the periscope, they have the advantage over quartz 
windows, and it is intended in future to use them as 
standard. The cost of replacement is not high. 

The hazard to which windows succumb is splashing 
of steel from the bath, which occurs with varying 
severity in different conditions of the furnace and 
different sites of the periscope. At the back wall 
position the periscope is very vulnerable to this. It 
can be inserted for a considerable time during refining, 
at periods when the bath is quiescent, and sited near 
the ingoing end. When used near the outgoing end, 
and to look towards the ingoing end, or during the 
melting of scrap, the windows rapidly become covered 
with splashes of steel which eventually obscure them 
completely. The two side windows are the most 
vulnerable. The ON20 windows hold together and 
continue to protect the periscope interior under this 
treatment. 

The position beside the burner is the most protected 
of all, and the forward-looking window can be used 
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there almost indefinitely. The window through which 
Figs. 12a and b were photographed was only changed 
after about five months of fairly frequent use. It 
showed some sooty fouling, which can be put down to 
flame being driven against it while in use on the 
outgoing end. 

In considering these results, it must be remembered 
that they do not by any means represent the greatest 
extent to which any periscope system can be protected 
from furnace conditions. 

The present periscope has been designed for the 
maximum field of view, and protection of the windows 
has to a certain extent been sacrificed to obtain a 
greater performance in this respect. Thus, although 
the entrance aperture required is 0-16 in. or less, the 
physical aperture is approximately 3} in. and is filled 
by the protective glasses. This occurs because the 
optical position of the entrance pupil, in order to 
increase the field of view, has been placed a small 
distance within the confines of the water jacket, and 
the aperture in the water jacket has to be made larger 
to pass the cone of rays, at a width by then consider- 
ably greater than its minimum. A certain decrease, 
between 10% and 20%, in the total angle of view 
would push the position of the side entrance pupils 
out into the thickness of the water jacket. The 
physical apertures used could then be made to corre- 
spond approximately to the theoretical minimum. 
This would reduce the amount of furnace radiation 
entering the system and the area liable to receive 
splashes of steel. 

By siting a protective glass some distance behind 
this minimum aperture, the reduced amount of 
furnace radiation is spread over the area of the glass, 
and the air blast through the hole can be increased to 
an extent which will reduce greatly the chance of steel 
splashing the glasses. 

This measure cannot be applied to the forward- 
looking zone, as the entrance pupil there must be 
located near the mirror surface in order not to make 
the ‘ blind spot’ too large. It does not exhaust, how- 
ever, the possibilities of increased protection. 

To sum up experience on protective windows: 


(i) Windows of Chance toughened ON20 glass are 
undamaged by thermal shock from furnace radiation. 
Normal ON20 develops cracks, although these do not 
impair the photographic definition. Both types protect 
the periscope interior from radiant heat 

(ii) Quartz withstands the thermal shock but, since 
it admits sufficient radiation to damage normal glass 
optical components, toughened ON20 is to be preferred 

(iii) Steel splashing is a hazard varying with the 
siting of the periscope. It causes expenditure of any 
type of window but does no damage otherwise. Certain 
sites are splash-free and the same windows can be used 
practically indefinitely. Owing to other design con- 
siderations the present design of periscope has con- 
siderably less protection against splashing than is 
attainable by suitable modifications with this end in 
view. 


General 

The previous section underlines a point which 
should be borne in mind—that the present periscope 
is a particular solution formulated to fulfil definite 
performance demands. The design of a furnace 
periscope can be re-cast to suit differing requirements 
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and extract from them differing advantages in size, 
protection, optical performance, etc. The present 
solution, however, by reason of the exacting specifi- 
cation to which it was designed, is particularly 
versatile, and contains in itself for some applications 
(e.g. use from the position beside the burner) most of 
the characteristics of a simpler and more specialized 
instrument. 

In a process like steelmaking where human skill 
and experience remain of great importance, visual 
examination will always be of value. By extending the 
power of observation, both direct and by photo- 
graphic recording, into regions where it was formerly 
difficult or impossible, the use of a periscope should 
extend our knowledge and mastery of steelmaking 
processes in the open-hearth furnace. 

It also raises the possibility of attack by optical 
means, on problems hitherto tackled by more indirect 
and tedious methods, e.g. flow patterns inside the 
furnace. Even on projects for which photography has 
already been chosen, the use of a periscope can 
simultaneously extend the field of photography and 
reduce to a negligible degree interference with the 
furnace. 

Trials indicate that the latest improvements make 
the instrument completely proof against damage by 
radiation. It is thus potentially applicable to tem- 
perature estimation by densitometric measurements 
on negatives, since the presence of heat-cracks in the 
windows, though tolerable for other applications, 
would make such measurements suspect. Interest 
has tended to swing away from this use of the peri- 
scope, by reason of the elaborate and time-consuming 
analyses necessary before any measurements of 
temperature could be produced by it. The number of 
possible investigations using the examination of 
photographs appears to offer a more fruitful applica- 


tion, in relation to the effort involved, of the present 
form of instrument, while development is simul- 
taneously carried on of a periscope specifically designed 
for direct temperature measurements. A design for 
an optical system suitable for application to a photo- 
cell, and possibly also to a disappearing-filament pyro- 
meter, has already been produced. Experience 
already gained is of great value in making such an 
instrument. 
CONCLUSION 


The development described has produced an instru- 
ment capable of being used to view, photograph, or 
film any portion of the interior of an open-hearth 
furnace from a single appropriate position. It is also 
potentially applicable to estimating temperature 
distribution on the furnace roof. It offers the chance 
of performing investigations hitherto difficult or 
impossible, with a minimum of interference with the 
furnace. The facilities it offers of an unlimited view 
from an effective position inside the furnace walls can 
almost be said to add a new technique to the study of 
open-hearth furnace problems. 

Experience in its development will also be of great 
value if any other high-temperature periscope-type 
instruments are produced to somewhat different 
requirements. 
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Open-Hearth Immersion Pyrometers 


SOME NOTES ON THEIR DEVELOPMENT 
AND USE AT APPLEBY-FRODINGHAM : 


BY THE END OF 1948 a shift service was being 
provided as a routine on both melting shops at 
Appleby-Frodingham using a hand-operated pyro- 
meter developed by the Metallurgical Research 
Department. It gradually became a settled practice 
to take temperatures at ‘ slag-off,’ during refining, and 
again at tapping. The seven-furnace Appleby shop is 
now calling for over 12,000 temperature readings a 
year. There is an increasing demand on both shops for 
temperatures before ‘slag-off’ in baths which are 
relatively cold, necessitating prolonged immersion of 
the pyrometer to get a steady reading. The introduc- 
tion of cold coke-oven gas and pitch-creosote high- 
velocity firing caused a higher temperature inside the 
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By A. Goodall 


SYNOPSIS 

The development of immersion pyrometers is traced through three 
principal designs involving changes in the location of the spare 
wire, in the heat insulation of the body tube, and in the type of 
electrical insulation. The main reasons for the changes are given. 
Some costs have been calculated. The palladium melting-point 
method of calibrating the thermocouples under service conditions 
is also mentioned. The lines of future development are suggested. 
1123 





Paper SM/AB 224/52 of the Steel Practice Committee 
of the Steelmaking Division of the British Iron and Steel 
Research Association, first received on 19th June, 1954, 
and in its final form on 9th February, 1955. The views 
expressed are the author’s and are not necessarily 
endorsed by the Committee as a body. 

Mr. Goodall is with the Appleby-Frodingham Steel 
Company. 
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Table I 
PYROMETER PERFORMANCE 
’ Type in Total Average | ‘No : 
Year —" | Siamersions — | — 
1948 Mark II App. 8275 3-4 1-9 
Frod. 2950 3-8 6-2 
1949 m4 App. 8856 3-5 2-0 
Frod. 2823 3-5 4.5 
1950 mS App. 9044 3-3 2-4 
Frod. 2875 3-4 7-5 
1951 me App. 7593 3-1 1-9 
Frod. 2561 3-2 6-1 
1952 | be App. 7670 3-4 2.4 
Frod. 2464 3-3 6-9 
| 
1953 Mainly App. 10,461 3-7 2-8 
Mark VIII Frod. 2973 3-0 3-5 
1954(to |Mark VIII App. 4137 4.1 3-5 
April) Frod. 967 2-7 3-4 











pyrometer body tubes than the type of electrical 
insulation used earlier would tolerate. 

These circumstances presented a challenge to find 
suitable stable electrical insulation which could be 
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applied to the thermocouples in such a way as to 
ensure continued ease of maintenance on shift. Other 
points aimed at in the development were the avoidance 
of contamination of the wires, reduction in weight, or 
the achievement of a better balance in the pyrometer, 
and also a reduction in the cost of heat-insulating the 
body tubes. 

The routine operation of the pyrometer service, the 
training of the observers, and the exploration of 
avenues of development have always gone ahead in a 
more satisfactory manner when a formal approach has 
been used, such as “T'raining within Industry’ methods. 
The author considers that written instructions, e.g. 
in the form of ‘ job instruction ’ sheets, are necessary 
to secure consistency of application and reasonable 
efficiency from a series of shift observers. The issuing 
of such sheets does two things. Firstly, it places the 
ultimate responsibility for efficient operation on the 
correct person, namely the section leader. Secondly, 
such sheets invite criticism which can be turned by 
discussion into new ideas. In fact, the ideas for the 
development outlined in this paper have come from 
all levels of the organization. 


THE THERMOCOUPLE MARK I 


Construction 


As originally adapted from the Schofield—Grace!: * 
thermocouples this type had reels of reserve wire at 
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Fig. 1—Mark II pyrometer 
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the handle end with the wires running forwards in 
glass-fibre sleeving. The wires were carried round the 
right-angle bend at the dipping end in glass tubing 
packed in asbestos wool, and thence to the hot 
junction in twin-bore silica tubing. The body tube 
was heat-insulated by pasting } in. of Maksiecar II 
cement* over 1 in. X 1 in. wire netting wrapped round 
the body tube. 

Improvements to this model were as follows. The 
possibility of wire contamination® was successfully 
reduced by designing a steel liner tube to prevent the 
wire being affected by the reducing atmosphere of the 
-arbon block. In addition, the practice was introduced 
of degreasing all steel components and annealing them 
in air before use to remove all oil or grease, which are 
sources of sulphur. The asbestos wool used to ram 
the sheath (dipping tube) in position was burnt off at 
about 500° C. before being issued to the shops. 

The most prevalent cause of ‘no readings’ was 
shorting, mainly due to the wires penetrating the 
glass-fibre sleeving. All too often it was found 
impossible to pull up new wire from the reels. This 
difficulty was caused by friction in the reels, by 
dragging in the slack lengths of glass-fibre sleeving, 
or by snagging in the glass-tube bends. 

It was recognized to be a good principle of design to 
keep spare wire on reels at the handle end, but no 
means were readily available of ensuring complete 
freedom of movement of the wires towards the hot 
junction. A departure from this principle was 
accepted in the next model which was designed to 
reduce the frequency of shorting by reducing the 
wear and tear on the glass-fibre sleeving. 


THE THERMOCOUPLE MARK II 


Construction 

In this model the reels of spare wire were abolished 
in favour of an asbestos-cement magazine arrange- 
ment sited in the right-angle bend near the hot 
junction. The wires in the body tube thus became 
stationary and abrasion of the glass-fibre sleeving 
insulation was reduced. Although resistance to 
withdrawal of new wire from this magazine was much 
greater than would be desirable, the improved model 
was so successful in reducing the frequency of shorting 
that it was used in routine service for many years. 
Figures 1 and 2 give details of the construction of the 





* Maksiecar II powder is wetted to a suitable con- 
sistency with water; sodium silicate is added to a 
maximum of 5 wt.-°, of the mixture to give air-drying 
properties. 
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2 wires each OS mm.dia, 
| off. pure platinum 

| Offs 87% platinum, |3% 
rhodium 


Carbon block. ci 
2 : 


Silica twin- 
bore insulation 
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SECTION XX 
Detail °C* 
~ Material: Syndanyo 





Fig. 2—Mark II pyrometer: detail of front end 


Mark II pyrometer. Except for the magazine com- 
ponent all the items used in the body construction 
are standard stock items from the works’ stores. 
Performance 

On the seven-furnace Appleby shop one observer 
operates the shift temperature service using six 
pyrometers. Originally he was provided with two 
portable potentiometers, but now each furnace is 
fitted with a modern recording potentiometer. The 
same observer also operates the carbometer service. 
Three 8-hr. shifts are manned daily by four such 
shift observers on a continuous rota. Major repairs 
and rebuilds are carried out by a day maintenance 
man whose services also cover the Frodingham shop, 


Table II 
APPLEBY SHOP 





Analysis of ‘ No Readings’ 
‘No 





. P Total No. of ‘ No kes 
- Beg Readings, 
— a Immersions Readings Shorts Potentiometer Flex Sheath Broken Misc a 
— Recorders ‘4 Off Junction _—— 
1950 Mark II and portable 9044 219 67 9 17 69 30 27 2:4 
potentiometers (0-74°,) (0-10°,) (0-20°,) (0-76°,) (0-33°,) (0-30 
Jan.—May, | Mark II and portabie 4205 126 38 17 5 32 7 27 3:0 
1953 potentiometers (0-99°,) (0-40°,,) (0-12) (00-76%) (0-17° (0-64 | 
| 
Aug.-Nov. Mark VIII and 3471 95 5 8 15 42 9 16 2:7 
1953 recorders (0-14°,) (0-23%) (0-439) | (1:219%) | (0-25°,) | (0-46 
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welded when assembled 12'6" long 
from head 
to reel 


Fig. 3—Mark VII pyrometer 


which is shift-manned by another group of four 
observers. 

Under this manning and using a Mark II pyrometer 
the cost of one immersion was determined to be less 
than 5s. using 1948 material prices. The major items 
were: wages (half gross: the other half was debited to 
carbometer) 2-29s.; silica sheath 1-38s.; heat- 
insulating paste 0-325s. 

A very consistent performance was maintained 
week in and week out at the levels shown in Table I. 
The reasons for the ‘‘ No Readings” for a typical 
year (1950) are given in Table II. 


THE THERMOCOUPLES MARKS VI AND VII 

The glass-fibre sleeving electrical insulation of 
Mark II tended to break down and become hygro- 
scopic after subjection to a temperature of about 
300° C. Faced with this occurrence on an increasing 
number of occasions, because of a change in furnace 
firing practice, it was considered necessary to find 
alternative stable electrical insulation. 

At the same time attention was directed to the 
elimination of all friction or ‘ drag ’ on the wires when 
pulling up spare wire to make a new junction. 
Various ideas were tested under Mark Nos. III, IV, 
and V which, though never put into routine use, were 
used long enough to gain operating experience. 

The idea was developed of having oval twin-bore 
clay insulators retained in register in an oval steel 
carrier tube. By retaining the twin-bore holes in 
register in this way completely free passage of wire 
was ensured from the spare wire supply which was 
placed in a proprietary reel box at the handle end. 
Such a pyrometer was built and, with only } in. of 
paste as heat insulation, was put on trial as Mark VI. 
[t was quickly followed by Mark VII, which had the 
paste replaced by carbon sleeving, which could be 
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slid on from the front end of 
the pyrometer without dis- 
mantling or disturbing the 
thermocouple elements. Some 
limitation in wall thickness of 
this carbon sleeving was accep- 
ted to keep the overall weight 
of Mark VII rather below that 
of Mark II, which normally 
weighed 40 lb. At the size of 
carbon sleeving chosen it was 
hoped that the cost would com- 
pare favourably with the paste 





SECTION XX cost. 
Construction 
The details of construction of 
Cones Mark VII are given in Figs. 3 
—_— and 4. Particular attention 


os needs to be paid to the sizes of 
i the insulators and oval steel 
tube to achieve good registra- 











: X 
Body pipe cut here and Body pipe Insulator in. 
oval conduit 











__) _ tion of the twin bores. 

The model illustrated had a 
new design of end pipe which 
prevented sheath butts being 
‘lost’ and accumulating at the 
bottom of the pipe. 





Performance 

One disadvantage of carbon-covered pyrometers 
was quickly discovered in the long Appleby shop. 
This was that, after an immersion, Mark VII could 
not be picked up immediately using ordinary leather 
gloves without danger of heat striking through the 
glove. Such pyrometers certainly could not be carried 
across the shoulder of an observer until about 20 min. 
after an immersion. This limitation on the observer’s 
mobility is unacceptable in a seven-furnace shop. 

One series of experiments compared the tem- 
peratures inside the body tube of a pyrometer during 
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Fig. 4—Mark VII pyrometer: detail of front end 
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and after an immersion of 40 sec. when the heat 
protection was (a) carbon sleeving or (b) one of three 
types of paste. The internal temperatures were 
measured by installing a hot junction a few inches 
from the front end of the body tube and taking read- 
ings on a portable potentiometer. On Mark VII 
types (i.e. with carbon-sleeve protection) readings of 
500-800° C. were obtained on the first immersion 
from cold. ‘These values were two to three times 
higher than the values obtained under paste coverage. 
The high readings affected the whole performance 
of carbon-covered pyrometers, which in Appleby- 
Frodingham’s practice had a much higher frequency 
of ‘ no readings,’ owing to shorting, than was accept- 
able. There were three main causes of shorting: 
(i) Broken insulators due to the distortion of the 
body tube at red heat 
(ii) Slight shorting due to ‘ carbon deposit ’ (Fig. 5), 
in which the darkest insulators came from the front 
(hotter) end. This carbon deposit, which completely 
penetrated the mass of some insulators, may have 
come from the cracking of hydrocarbons from oil, 
grease, or furnace gases. No such pronounced 
deposits were ever found in paste-protected pyro- 
meters, or in any pyrometer used on a producer-gas- 
fired furnace 
(iii) Slight shorting was occasionally traced to the 
presence of powdered scale inside the oval conduit 
tube—again a product of high body-tube temperatures. 
For these reasons there was almost universal 
preference for the Mark VI model with a }-in. paste 
covering. This model caused far less trouble than 
Mark VII in regard to wire breakages in the body 
because jamming of broken insulators was _ less 
frequent. Insulator failure prevented either model 
from showing any great operating advantage over 
Mark II, but the economies indicated by the following 
data were achieved: 
Paste Cost Mark II Mark VI 
(per immersion) 0 -325s. Approx. half the 
Mark IT value 
Carbon Sleeving Cost Mark VII 
(per immersion) 0-325s. 
Wire Rental* Mark II Marks VIand VII 
(per immersion) Pt Rh-Pt Pt Rh-Pt 
0:239s. 0-255s. 0:159s. 0-146s. 
The improvement in wire-rental cost found in 
Marks VI and VII is partly due to the fact that all 
wire going into this type of pyrometer gives its full 
quota of readings, whereas in Mark II, at each 
magazine change, a length of about 18 in. of each 
wire is recovered which has not given any hot-junction 
service at all. On occasions when the Marks VI and 
VII pyrometers were put into a restricted use which 
abolished distortion of the body tubes and other 
causes of broken insulators, the wire consumption 
was reduced to little more than the normal hot- 
junction wastage. In these conditions the wire rental 
costs were only Pt, 0-062s. and Rh—Pt, 0-077s. per 
immersion. Routine wire costs approaching this 
order will be achieved when stronger permanent 
electrical insulation is available. A more important 
feature is that if such insulation can be designed, the 





* Rental is a term used to express the cost incurred 
because of the difference between new wire and returned 
scrap prices. 
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Fig. 5—Carbon deposit on insulators 


routine maintenance tasks of the shift observer will 
be reduced. 


* 


THE THERMOCOUPLE MARK VIII 


This model was designed from the experiences so far 
described. It was regarded as a penultimate model 
and as a test bed for, in particular, electrical insulation 
trials. Several such trials were conducted in colla- 
boration with various suppliers. One of the main 
difficulties was in securing matching sizes of oval 
insulators and oval steel conduit tubing. Unless 
attention is paid to the accuracy of such details the 
advantages intended do not always accrue to the 
benefit of the shift observer. Another difficulty was 
encountered in the choice of insulator material. In 
these circumstances the design of Mark VIII reverted 
to the Mark II principle of having a spare wire maga- 
zine near the hot junction so that glass-fibre sleeving 
could readily be used if the experimental types of 
insulation went out of supply. 

The Mark VIII model when fitted with the reason- 
ably stable types of insulator described below enabled 
the installation of highly sensitive recorders to be 
faced with confidence. During some tests on electrical 
insulation it was shown that when the glass-fibre 
sleeving broke down to a resistance of about 10,000 Q 
between the element wires and the body tube, 
‘wandering ’ readings were obtained on a directly 
earthed recorder. On the other hand, when unearthed 
portable potentiometers were used, the glass fibre 
could break down to 500 Q or less between element 
wires before a noticeably low reading occurred. Such 
events were not deeply investigated. It was regarded 
as imperative to displace the glass-fibre sleeving by a 
more stable insulator, the aim being to find a radical 
cure and prevent the slightest possibility of such 
recorder phenomena as the case described. 


Construction 

The Mark VIII type is really a hybrid, being the 
Mark II type using a slightly modified magazine 
(Fig. 6) and having the glass-fibre sleeving replaced 
by oval twin-bore insulators carried in oval conduit 
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Fig. 6—Mark VIII pyrometer: detail of head 


tubing, as in Marks VI and VII. The body tube is 


covered by } in. of paste. 
The three most successful types of oval twin-bore 
insulators, in order of apparent merit, were: 


(a) Thin-walled mullite (B.M.08) 
Dimensions: 
Major axis 0-600 in., outer wall 4 in. 
Minor axis 0-360 in. 
Diameter of holes % in. 
Between holes # in. 
(6) Thick-walled mullite (B.M.04) 
Dimensions: 
Major axis 0-600 in., 
Minor axis 0-360 in. 
Diameter of holes } in. 
Between holes 3x in. 
(c) Cement asbestos insulators of similar dimensions to 
(b). 


outer wall } in. 


Using the first type of insulator, breakages into the 
holes were fairly frequent and caused jamming of the 
wires with consequent heavy wire turnover. 

The second insulator was very much better. Al- 
though the insulators tended to chip on occasions, 
breakage into the holes was rare. 

The cement asbestos insulators were very promising 
and appeared to satisfy the condition of permanency. 
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2 wires each O'S mm.dia. 
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| off 87% platinum, [3% rhodium \ 


Silica twin- 
bore insulation. 
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{ After several months usage 
under } in. of paste protection, 

I \ they showed no flaking or break- 
\ | age. Moreover, the electrical 
\ properties of the material were 
if unchanged so far as the present 
application is concerned. Since 
the material was available only 
in sheet form, however, the cost 
of machining oval insulators 
from it was prohibitive. 

For Mark VIII the end pipe 
was redesigned to achieve the 
advantages of the countersunk 
model tried on Marks VI and 
VII. The new design is shown 
in Fig. 7. The nipple adapts 
this type of end pipe to Marks 
VI and VII body tubes if 
4 required. The carbon block 
is cottered to the end pipe. 
When metal penetration occurs 
the cotter pin is withdrawn and 
the carbon block is salvaged. 
Without unscrewing it from the 
pyrometer the end pipe is then 
sawn off at such a position as 
to clear the metal penetration. 
The metalled wire is recovered 
by acid treatment. The element 
wires having been cleared, the 
old end pipe is removed, the 
wires are drawn up to the cor- 
rect height, and a new end 
pipe is fitted. This procedure 
reduces the amount of wire 
removed from the pyrometer 
following metal penetration by 
sheath breakage. <A _ readily 
made constriction on the pipe 
limits such metal penetration; it also prevents sheath 
butts sliding down and accumulating at the bottom of 
the end pipe, where they are likely to restrict the 
drawing up of new wire. An important feature of the 
design is that the cotter pin does not pierce the wall of 
the pipe, which thus seals off the wires from outside 
contaminating influences. 
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Performance 

In increasingly arduous conditions the Mark VITI 
using the thick-walled mullite insulators has main- 
tained a reasonable level of efficiency, as can be seen 
in Table I (the inferior performance on Frodingham 
shop up to 1952 was due to the breaking down of the 
glass-fibre sleeving by overheating following pro- 
longed immersion of Mark II pyrometers in cold baths 
before slag-off). Table II shows the analysis of ‘no 
readings ’ for two interesting periods. The change to 
Mark VIII pyrometers and the installation of modern 
recorders has resulted in less shorting and_ less 
recorder/potentiometer troubles, but more ‘ flex’ 
(compensating lead) troubles. What recorder troubles 
were encountered were mostly due to supply voltage 
fluctuations, now overcome. The increased ‘ flex ’ 
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or trouble arises from the harder wear-and-tear when (a) 
reak. running a long (23-yd.) flex across the full width of the _ ~— 
wien] stage from furnace door to recorder. 2 Pa Lie ‘A 
were The greater number of * sheaths off’ is a reflection ourn| fe Test ~ Fee. ao 2 ae 
sent on the increasing practice of taking extra temperatures i. tf ss. 2nae 30:35 (ORR Rees 
deen before slag-off when the bath is not completely melted. Lié i 
only As already stated, the Mark VIII is not fully ' ASSL Ort pat 
enet developed, but nevertheless it is running well within died Sone PEeae 
stors the performance predicted from the experiences T | 
gained with previous models. REGRSESENEE ESE HEE 
pipe Use of Palladium Wire to Check Accuracy 
the For the past five years it has been the practice to ae Z 
sunk insert about 3 mm. of palladium wire between the ~~ = 
and element wires at the hot-junction end of a newly- oot 
shee serviced thermocouple, to immerse the pyrometer in 
apts the bath, and to obtain a chart of the temperature 
arks rise on a recorder. The practice is based on that 
a4 originated by J. Théline of the Aciéries Electriques 
ipe. 
curs 
and 
zed. 
the 
hen 
1 as 
ion. 
red 
ent 
the Silica sheath 
the (b) 
or- 
end Wien a Fig. 8—Typical graphs obtained on (a) Tinsley recorder 
‘acked with and (6) Honeywell-Brown recorder, using a 
ure pipe” asbestos wool palladium junction 
ie me 
oad 4A-B | block d’Ugine. ‘Typical charts are shown in Fig. 8. The 
‘ay melting point of palladium is taken as 1552° C. 
oe : If the parting point occurs at, say, 1547-1555° C., 
ipe Detail of steel ' F Pita ; wan S eeall 
a. tube B the test is regarded as reasonable proof that the 
at particular pyrometer and recorder are accurate. 
onan Other equipment is then cross-checked against the 
vw me it atits proved equipment. 
of bith for on Palladium tests need to be ce nducted in ready baths 
‘de with temperatures of 1580- 1600° C. The results need 
N | to be interpreted with care. For instance, the rate at 
AN iH — which the temperature rises and the speed and sensi- 
Up : tinek tivity of the recorder used are believed to introduce 
Us } apparent ‘ errors ’ into the routine test. When it could 
TI G } be arranged the prepared hot junction has been sus- 
in- pended in a laboratory-type muffle furnace brought to 
en the melting shop and run at 1590-1600° C. Under 
um such standardized conditions a very high percentage 
he of test readings were obtained within 2-3° C. of the 
il accepted palladium melting point of 1552° C. Provided 
hs that some approach to standardized conditions can 
no be achieved in practice, routine palladium tests by 
to bath immersion will be of value in isolating inaccurate 
™m pyrometers or recorders. 
288 
x” SUMMARY 
les 
ve A summary of experiences to date at Appleby- 
.? Frodingham is as follows: 
Fig. 7—Mark VIII pyrometer: detail of head (i) Some kind of formalized approach, such as 
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Insulator halves 


in 2 halves 





Fig. 9—Cross-section of proposed twin-bore insulation 
for body tubes 


‘Training within Industry ’ methods, is necessary 
for work of this description to secure consistency of 
application and a reasonably high efficiency from a 
series of shift observers. The publication of, for 
instance, ‘ job instruction’ sheets stimulates ideas 
and is an open admission that improvements can 
come from all levels of the organization. 


(ii) Pyrometers of the Mark II type, using glass- 
fibre sleeving as electrical insulation, are the most 
robust in practice. Such electrical insulation is, 
however, quickly destroyed by modern intensive 
firing of open-hearth furnaces, unless the body tube 
is protected by an unacceptable thickness of high- 
quality paste. 


(iii) The most stable electrical insulation so far 
available comprises oval twin-bore insulators of 
clay, mullite, or cement asbestos. Complete freedom 
from shorting can be achieved for long periods; 
this is necessary when working with highly sensitive 
recorders. Such insulation is initially more costly 
than glass fibre and is subject to serious damage 
by vigorous handling of the pyrometers. 


(iv) Less wear and tear on the element wires and a 
greater wire recovery are ensured by placing the 
wire supplies on reels at the handle end, as des- 
cribed for Marks VI and VII. The full advantages 
of this method will only be gained when strong 
permanent electrical insulation is available. 


(v) The best heat insulation from all points of 
view is about } in. of good-quality paste protection. 


(vi) The best end-pipe and carbon-block arrange- 
ment is the cottered type described for Mark VIII. 
The system of maintenance after metal penetration 
ensures maximum use being made of the wire. 
The end pipe is the cheapest and simplest to make 
of the three types described. 

(vii) Routine checking of equipment is necessary. 
This is best based on a physical-constant method 
such as the palladium test. Such tests need careful 
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interpretation and must be conducted under 
reasonably standard conditions. 


FUTURE DEVELOPMENT 


In trying to meet the demands of a vigorous 
temperature practice, the author has formed an 
opinion on the construction of a pyrometer which is 
expected to be an advance on the models described. 
The construction would incorporate the body tube of 
Mark VI, heat-insulated with } in. of paste. The 
carbon-block and end-pipe arrangement would be the 
cottered type described for Mark VIII. Spare wire 
would be carried in a proprietary reel box at the 
handle end, the wires running forwards freely in twin- 
bore passages kept in registration in a carrier tube. 
For this purpose the ‘ thick-walled ’ mullite insulation 
showed reasonable success, but the material is too 
brittle to withstand continuous heavy handling. The 
cement-asbestos compound appears to be more 
‘permanent’ and some development on the lines 
suggested by Fig. 9 should be possible. The following 
points operate in any such development: 

(i) For economic reasons some standardization of 
sizes and shapes should be established by collaboration 
between consumers 

(ii) The materials offered by the suppliers should be 
capable of extrusion, or the design should be adjusted 
so that machining or moulding is not very costly 

(iii) The material should be mechanically and 
electrically suitable after intermittent exposure to 
temperatures approaching 600°C. After such ex- 
posures the material should not show any increasing 
tendency to become hygroscopic. 

The opinions given in this report are published in 
the hope that this type of development will appeal to a 
wider range of pyrometer operators and will therefore 
be pursued to reduce pyrometer maintenance, thereby 
increasing the efficiency of routine service to the 
furnace crews. 
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The Study of 
Materials-Handling Systems 
by a Lead-Shot Analogue 


MATERIALS HAND- 
LING in an integrated 
steel plant is of prime 
importance, because, if 
full use is to be made of 
the proximity of the 
various functional units 
which make up the works, 
the flow of material from 
one to the other must be 
organized in the most 


SYNOPSIS 


The paper indicates the need for ensuring that the integrated 
capacity of a complex system (as well as the capacity of the com- 
ponent units) is adequate to meet future demands. 

Lead shot as a medium in a model or analogue has the advantage 
of flowing from an orifice at a speed independent of the pressure 
head. From the known rates of ship discharge and estimated usings, 
the flow pattern through the conveyor system, screens, and bunkers 
associated with the blast-furnace and ore-preparation plant has been 
examined on the analogue, and bottlenecks and surplus members 
have been recognized. 

The merits of alternative routes for the raw materials have been 
evaluated and certain guiding principles, apposite to the particular 
installation, have been advanced. A control scheme for future 


By H. G. Jones, M.A., 
M.Sc., B.Sc.(Eng.), M.Inst.F., 
W. M. Davies, B.Sc., 

and P. D. Dickerson, B.A. 


the possibilities of these 
range from a complete 
model worked either man- 
ually! or mechanically? to 
a variety of analogues in- 
cluding electrical types.* 
It was felt that a model 
would be unnecessarily 
elaborate and by going in- 
to irrelevant detail might 
even confuse the investi- 
gation; on the other hand, 





efficient way. 

In the plant under con- 
sideration, when the pro- 
posed extensions are completed, foreign ore can be dis- 
charged simultaneously from up to three ships (each 
probably carrying different ores which should not be 
mixed) directly into transfer cars which feed belt 
conveyors carrying the ore either to three alternative 
stockyards or to a sinter plant. The sinter and lump 
ore, together with the other necessary raw materials, 
are fed by belt conveyors to two different  blast- 
furnace sites some distance from each other and from 
the sinter plant. 

The capacity of individual units of the system has 
never been doubted, but problems may arise, when 
the units are integrated, which it was desired to 
examine well before the complete plant was ready for 
operation. It was decided to make a study of the 
system to ascertain: 

(i) The maximum tonnage which could be handled in 
the event of certain prescribed but possible 
shipping stems 

(ii) The possibility of unbalanced capacities or 
‘ bottlenecks ’ interfering with the smooth flow 
of materials 

(iii) The flexibility and limitations of the system in 

meeting abnormal conditions due to either 
maldistribution of ore-ships’ arrivals or break- 
downs in the system 

(iv) To make recommendations or formulate principles 

for the future control of the handling operations 
and sequences. 

It is not intended in this paper to detail the answers 
to these questions, but merely to outline the techniques 
by which the solutions were obtained. 


operation has been developed. 


CHOICE OF REPRESENTATION 
For the investigation of the characteristics of the 
system, a variety of possible methods present them- 
selves. When the investigation started, none of the 
extensions to the plant was installed and so it was 
decided that a physical representation was desirable 
to ensure that all factors were brought into the picture; 
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30 se 2 
113 all the information re- 


quired should be obtain- 
able from a functional analogue. 

The underlying principle of an analogue is to 
represent the essential property of the actual system 
by a physical quantity which lends itself readily to 
thorough investigation. 

The original choice was a hydraulic analogue, in 
which the more or less horizontal flow of blast-furnace 
materials was represented by an arrangement of 
tanks, pipes, and valves through which water flowed 
more or less vertically under gravity. To further this 
work, two representatives from the Operational 
Research Department of The Steel Company of 
Wales Ltd. went to the Engineering Laboratory of 
Manchester University, where they worked in close 
conjunction with Professor J. A. L. Matheson and 
Dr. R. Mathieson. 

The system shown in Fig. 5 was constructed and, 
although progress was made, it became apparent that 
a water analogue had many difficulties. For instance, 
it is clearly desirable in representing the flow of ore 
from a ship at a rate of, say, 200 tons/hr. that it should 
be possible to set a calibrated valve and to rely on the 
flow of analogue medium continuing at the appropriate 
rate until an alteration is made to the valve setting. 
If water is flowing from a tank, as the hydrostatic 
head varies, so does the flow. Dr. Mathieson and one of 
the authors (W.M.D.) devised several ways of over- 
coming this defect, three of which are described? in 
Dr. Mathieson’s own words as 

‘(i) By suspending bunkers from springs of such a 

rating as to balance the inflow or outflow of 
water to keep the bunker water level constant 
(ii) By a floating bunker roughly equivalent to (i) 

(iii) By using aspirator bottles working under a 

vacuum system.” 





Manuscript received 3rd March, 1955. 
The authors are with the Operational Research Section 
of The Steel Company of Wales Ltd. 
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photograph of the hydraulic analogue in Fig. 5 
sO 4 representing the flow from bunkers to crushing and 
Pg screening plant, the vacuum system is being used at 


a All three were tried and were shown to work. In the 





the top of the photograph and the spring system in the 
lower quarter of the figure. 

Valves with reproducible characteristics in the 
range of flow desired were not easy to acquire. Glass 
tubes facilitate the inspection for airlocks and bubbles, 
but these still upset the calibration of the valves. 





> 
Oo 








a Finally, Dr. Mathieson showed that with the scale of 
2 c.c. of water in 1 min. representing 1 ton of ore in 
1 hr., and with the size of valve and connecting tube 
20 chosen, at the higher rates of flow the analogue would 








be working in the transitional zone from laminar to 
turbulent flow. Whilst these difficulties are not 
insuperable, it became increasingly evident that a 
hydraulic analogue would have too many inherent 
difficulties to work satisfactorily in a system of the 
complexity contemplated. 

Professor Matheson then suggested using lead shot 
as the working ‘ fluid ’ and in a number of pilot tests 








DISCHARGE OF LEAD SHOT, Ibjmin. 
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O demonstrated, to quote® Professor Matheson, 
SHUTTER SETTING, in. ** (i) That the rate of flow of lead shot is independent 
. ° F . oes of the head over the orifice, provided the orifice 
Fig. 1—Calibration and dimensions of orifice plates and is completely covered by shot 
V slides (ii) That the discharge from the orifice is a linear 


function of the height of the opening, except 
for small openings.”’ 
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Fig. 2—Schematic plan of raw-materials handling in Margam blast-furnace area 
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Fig. 4—Circuit diagram for splitter system 


Experiment has demonstrated that the same proper- 
ties exist in certain other spherical materials. 

When the analogue was constructed, the feed of lead 
shot was controlled by horizontal V-apertured plates, 
all of the appropriate size, sliding over rectangular 
orifices set in the sides of bunkers. A number of 
minor design points arose at this stage to ensure that 
lead shot did not jam in the slides and that the V slots 
were accurately machined and could be isolated from 
the bunker during setting. Figure 1 illustrates the 
standard of calibration obtained in the final control 
and the relative dimensions of the rectangular slot 
and the V aperture; a scale of ‘tons per hour’ was 
finally attached to each V aperture so that it could 
be set quickly and accurately at the desired rate. 

Two tons of lead shot (a mixed counterweight grade 
of nominal dia. 0-06 in.*) were hired for this work. 

The analogue under discussion differs from those 
quoted in the references in that most analogues 
represent continuous field conditions, whereas the 
lead-shot analogue represented discrete quantities. 


DESCRIPTION OF THE ANALOGUE 

Figure 2 is a schematic plan of the complete 
materials-handling system, the foreign ore being 
imported at the bottom left-hand corner of the plan 
and travelling over most of the system. Concentrates 
can travel by conveyor L directly to the fines stock- 
yard at the sinter plant. Rough ore is carried by 
conveyors # and F to crushers and screens from 
where the fines proceed (conveyor Q) to the fines 





* All the shot passed through a }-in. sieve, 70% was 
rejected by a -in. sieve, and all was rejected by a 
zo-in. sieve. 
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Commutator 


stockyard while the reduced lumps proceed (conveyor 
M) either to the ‘ superelevated bunkers ’ (which are 
a link in the chain to the bunkers serving Nos. 1, 2, 
and 3 blast-furnaces) or to No. 4 blast-furnace. 

The flow diagram for the representation by lead 
shot of the movements of foreign ore only is shown on 
Fig. 3. Weighed quantities of lead shot, representing 
either shiploads of ore or known recoveries from the 
stockyards, are fed into the ‘ 1000-ton ’ feed bunkers, 
at the top of Fig. 3, which are purely for convenience 
in handling the shot and are not part of the system 
under investigation. The lead shot next enters the 
system through the calibrated slides in the bunkers 
A, B, or C at specified rates which are known from 
previous experience of the transporters. 

It might be argued that the calibrated controls 
should be on the ‘ 1000-ton’ service bunkers rather 
than on bunkers of the system. However, on the 
plant the 450-ton fines bunkers A and the two 385-ton 
roughs bunkers B and C are fed in 100-ton batches by 
transfer cars, and it is only from these bunkers onwards 
that an approximately regular flow of material occurs. 

Concentrates can travel direct to the sinter-plant 
bunkers or stockyard, but rough ore is normally 
crushed and screened. The combined effect of crushers 
and screens was represented on the analogue by an 
electric splitter in which an oscillating plate deflected 
lead shot into one of two pipes. The ratio in which the 
shot was split depended upon the time which the plate 
lay in each direction. The circuit diagram is shown on 
Fig. 4. With this splitter, provision was made for 
lump to fine ratios of 3-45: 1, 3:1, and 1: 1, these 
being the ratios of roughs to fines expected for the 
principal ores. 

The various stock bunkers throughout the system 
divide themselves into three groups, namely, Nos. 
1, 2, 3 blast-furnace bunkers, No. 4 blast-furnace 
bunkers, and sinter-plant bunkers. Representation 
took the form of three sets of biscuit tins. Each tin 
contained a different ore and was calibrated so that 
its ‘ full’ mark represented the total bunker capacity 
in the group for that particular ore. Since the blast- 
furnace bunkers are not normally worked below 
half-empty, an empty tin was arranged to correspond 
to a half-full bunker. 

The blast-furnaces and sinter plant use the materials 
from the bunkers at known rates. The obvious way of 
representing this would have been to arrange a 
constant dribble through small holes in the bottom of 
each bunker, the size of the hole being adjusted to 
give the required rate of using. It was found, however, 
that the holes necessary were so small that lead shot 
would not flow regularly through them. To overcome 
this difficulty, a rotary intermittent valve mechanism 
was designed and a prototype constructed; however, 
for short periods a manual baling system is equally 
effective and therefore it was not necessary to proceed 
with the mechanical device. For manual baling a 
schedule was drawn up in which a bale-tin full of lead 
shot was removed from each bunker at suitable 
intervals of time, usually every 2 min. 

The separate stockyards shown on the flow diagram 
did not exist on the analogue; the ground floor was 
treated as a general stockyard and weighing area. 
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Fig. 5—Hydraulic analogue 
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Fig. 6—General arrangement of lead-shot analogue 
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M= Meal break 
S = Shift change 


in Fig. 9. Hence the rate 
shutters on the ‘385-ton’ 
bunkers were set at the appro- 























priate figure, the splitter was set 
to give the required lump/fine 
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Fig. 9—Predicted ‘ slack’ unloading rates for 4500 tons of May-sur-Orne 


ore ex S.N.C. ship 


The conveyor connections between the screens and 
the various parts of the system were accomplished by 
means of flexible pipes, clearly shown on Fig. 7, which 
could be readily switched for changes of ore, etc. 
Further details of the equipment can be seen on Fig. 8. 

Considerable headroom was required for the con- 
struction of the analogue, and so it was erected in the 
central repair shop of the Abbey Works of The Steel 
Company of Wales Ltd. A scaffolding 30 ft. high was 
erected to support the two floors of the analogue, and 
a number of wooden stringers lashed across the central 
vertical members of the scaffolding served as supports 
for the bunkers. To facilitate the handling of lead 
shot a block-and-tackle arrangement was attached to 
a roof girder just to the side of the analogue. Figure 6 
shows the general arrangement. 

The ‘transfer bunker’ of Fig. 3 enables the dis- 
charge of ore direct from ship to No. 3 stockyard to be 
reproduced by switching the shot hoses. 

It was originally intended to extend the lead-shot 
analogue to embrace the flow of all the ironmaking 
materials of Fig. 2, but sufficient experience was 
gained with the flow of foreign ore to enable the flow 
of other materials to be predicted analytically.* It is 
believed very strongly that the analogue was, if not 
an entirely necessary step, then a wise and safe step 
in the progress to the analysis of the complete system. 

Table I summarizes the main comparisons between 
the plant and the analogue. 


WORKING OF THE ANALOGUE 

The working of the conveyor system will be con- 
ditioned by the ship arrivals and so, in programming 
the analogue, the first step was to postulate a shipping 
stem* for one week which might range from the 
present average figure of 23,000 tons to a peak (due 
to a queue of ships) of 85,000 tons when the proposed 
extensions are in full operation. A range of unloading 
rates have been used corresponding to very good 
(but quite practical) unloading rates which might be 
expected in the future, as well as to those below the 
present port average. 

Normally the unit of time in a test has been that 
corresponding to a week on the plant, but for con- 
venience reference will be made to a restricted period 
only. If, for example, an S.N.C. ship with 4500 tons 
of May-sur-Orne appears in the stem, a cargo of 450 Ib. 
of lead shot would be weighed and hoisted to the top 
floor until the time of berthing approached. It would 
then be filled into the service bunkers ready for 
discharge through the system. 

Previous experience has shown that this type of ore 
and ship can be discharged comfortably in 16 hr., the 
rates of unloading and main stoppages being as shown 





* A ‘stem’ is a schedule of ship arrivals. 
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‘S ratio (3-45 : 1 for May-sur-Orne 
after crushing and screening), 
and the snap shutter opened at 
a predetermined time. Initially 
the ‘fines and screened material’ 
might go to the sinter-plant bunkers, but when 
the bunkers had been filled, the bunker operators could 
divert the lead shot to stock via the dispersal funnels. 

Figure 9 is unnecessarily complicated and, although 
it has been used, it is preferable to approximate by 


Table I 
SUMMARY OF ANALOGUE CONDITIONS 





























Representation on 
Plant Analogue 
Ore Foreign ore, sinter Lead shot (nominally 0:06 
in. dia. 
100 tons of ore or sinter | 10 Ib. of lead shot 
Time | 1 hr. 1 min. 

1 week 2 hr. 48 min. 

A shipping stem Postulated stems of ship 
arrivals for 1 week cover- 
ing peak weeks and aver- 
age weeks, with both good 
and indifferent ships 

A ship in dock A weighed amount of lead 
shot on the top floor of 
the analogue ready for use 

A ship at the wharf Weighed lead shot trans- 
ferred to the ‘ 1000-ton’ 
service bunkers 

100-ton transfer cars Weighed consignments of 

Conditions | fed by four 24-gross- lead shot fed into the 
of ton transporters system at appropriate 
comparison rates from bunkers on the 
top flooi of analogue 
| The known perform- | Scheduled control of cali- 
ance of the transpor- brated orifices on bunk- 
ters on given ships or | ers, to embrace both good 
ex stockyards performances and aver- 
age performances of the 
| transporter 

Plant usings Manual baling of ‘bunkers’ 

| to fixed time schedules 

Recovery from stock- Weighed lead shot from 

yards working stock fed either 
directly into the ‘ plant’ 
bunkers or through the 
system as appropriate 

Three 150-ton bunkers One ‘ 450-ton’ bunker in 

receiving concentrates| wood and Perspex 
from transfer cars 
| Two 385-ton bunkers | Two ‘385-ton’ bunkers in 
both receiving rough | wood and Perspex 
ore from transfer cars | 
| Conveyors j-in. dia. rubber hose 
Specific Crushing and screen- | Electric splitter with vari- 
items of ing plant able setting to reproduce 
equipment | the anticipated division 
on the screens into fines 
and graded lumps of the 
various ores 
Blast-furnace and sin- | Three sets of calibrated 
ter-plant bunkers biscuit tins on the middle 
floor of the analogue 

Blast-furnace and sin- | 8-in. dia. tinned-iron fun- 

ter strands | mels leading to working 
| stock of lead shot 

Stockyards | Working stock of lead shot 
on the ground floor (not 
to scale) 

Manning | Wharf foreman | Top-floor operator 
| Materials-handling Blast-furnace bunker 
controller operators 
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Fig. 10—Sample control diagram 
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selecting two unloading rates, one of, say, 400 tons/hr. 
for the first 64 hr., and the other of 200 tons/hr. for 
the last 94 hr., which give the same overall time for 
the ship at berth and also approximate to the rates of 
flow through the system. It will be rare for one ship 
only to be unloading, and the problem is to decide the 
optimum course for the flow of several commodities. 

Some tests started under the most favourable 
conditions for routine handling by having the bunkers 
containing ore of the type in the next ship to be 
unloaded as nearly empty as was safe for blast-furnace 
practice. Tests were normally started with each of the 
bunkers three-quarters full; the plant usings and the 
flow of ore from ships, however, quickly exert more 
powerful influences than the initial state of the bunkers 
in determining the flow of the ore. 

Four distinct people on the plant on each shift 
might be in a position to make decisions about the 
flow of foreign ore: the wharf foreman responsible 
for unloading ships, the two foremen controlling the 
feed to the blast-furnace bunkers on the two sites, and 
the foreman controlling the feed to the sinter-plant 
bunkers. As a demonstration, each of these had a 
counterpart on the analogue, and a test was carried 
out to determine the extra handling required with 
each of these four making decisions in the light of his 
own requirements only. This test demonstrated the 
need for one man to be aware of all the facts of the 
situation and for him to exert an overriding control 
through a systematic record which would enable the 
past few hours to be under constant review; intelligent 
planning was shown to eliminate most panic decisions 
by arranging to pick up from stock at times which 
would cause least dislocation to the rest of the system. 

A minimum of five operators was required to man 
a ‘ week’s’ test on the analogue. The top-floor man, 
responsible for controlling the flow of lead shot from 
the service bunkers at any convenient time after the 
ship was stemmed, required an assistant to keep the 
service bunkers topped up with lead shot and to hoist 
the shot from the ground floor. The middle-stage 
operators were the key to the control. They baled lead 
shot from the bunkers according to a time schedule and 
called for shot as bunkers became empty or diverted 
to stock as bunkers became full. They also kept time 
records of each change. In practice, it was necessary 
to stop the test fairly frequently for the middle-stage 
men to consider the situation; by having synchronized 
clocks on each stage and starting a ‘ week’ at 12 
o’clock on all clocks, a start after a review merely 
involved synchronizing clocks to the time at the stop. 
A ground-floor operator was kept busy looking after the 
- stocks and weighing shot for the next part of the test. 

The problems involved in the handling of ore will 
emerge most clearly in a peak week when the system 
is working to capacity. A programme under these 
conditions should reveal 

(i) The maximum tonnage that can be put through 
in a peak week 

(ii) The limitations of the system 

(iii) Positive reeommendations of what should be done 

in certain eventualities. 
GENERAL CONCLUSIONS 


The maximum tonnage that could be unloaded in 
the peak week, part of which is shown in Fig. 10, is 
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72,400 tons. This is not an absolute figure, but the 
shipping stem postulated is neither the best nor the 
worst from the point of view of unloading; it is 
reasonable to suppose, therefore, that this figure could 
be obtained. The flow chart indicates how the ore- 
preparation and internal conveyor belt systems would 
have to be used, to make the unloading of such a 
tonnage possible. 

The flow chart of Fig. 10 has time in hours from the 
beginning of the week as the horizontal axis. Starting 
from the top, various components of the system are 
shown more or less in order of flow. If a component is 
occupied by ore, a distinctive marking (coloured in the 
original) is shown for the appropriate times. Mutual 
interference can occur in the No. 4 conveyor system as 
recorded in the vertical columns alongside this on 
Fig. 10: i.e. if a line* corresponding to an X is in use, 
the other X’s in the same vertical column indicate the 
only lines which can be used simultaneously. 

Considering events 24 hr. after the start of the week 
as an example, starting at the top of Fig. 10 and work- 
ing downwards, the flow chart shows that the Sheaf 
Arrow is about to enter the dock, and the Phryne 
carrying May-sur-Orne ore is being unloaded at the 
North Berth by A and B transporters directly to 
No. 1, 2, 3 stockyard because the Kengis, carrying 
Kiruna ore, is being unloaded at the South Berth by 
C and D transporters. The Kiruna ore travels along 
the lump-ore line # to the crushers; the fines go along 
the line H to stock and the graded lumps travel to 
No. 4 blast-furnace, making use of the No. 1 bunker 
line. At the same time, sinter is being fed to No. 1, 2, 
3 blast-furnace bunkers. Limestone is about to be 
fed to No. 1, 2, 3 blast-furnace bunkers; after 2 hr. it 
will be necessary to switch from the limestone to 
Oxfordshire ore, feeding No. 4 blast-furnace along 
No. 2 bunker line. Figure 10 shows in addition the 
content level of the bunkers. 

The analogue was useful in revealing limitations 
of the system at an early stage of the developments 
and thus enabled modifications to the system, de- 
signed to overcome its deficiencies, to be advanced. 

Work on the analogue, representing as it did future 
working conditions, made it possible to lay down 
procedures for dealing with certain eventualities, 
three of which are outlined below. 

With the existing system it would unquestionably 
be more economical in time to unload ships with slow 
unloading rates into No. 1, 2, 3 stockyard if there were 
another ship with a faster unloading rate in berth and 
other ships queueing indock. The system would thus be 
freed more quickly, which is obviously advantageous. 

In a peak week it would be better to recover from 
No. 4 stock than from No. 1, 2, 3 stock, as the unload- 
ing of other ships would not then be interrupted and 
the ore-preparation lines would not be required for its 
recovery. This is true even in the case of recovery to 
Nos. 1, 2, 3, where the ore recovered would travel 
along the Oxfordshire ore and limestone line. It is, 
however, obvious that the controller must know as 
far in advance as possible when recovery will be 
necessary, as recovery to No. 4 means the paralysing 





’ 


* The term ‘line’ is used to describe a combination 


of conveyors. 
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of one of the bunker lines and recovery to No. 1, 2, 3 
prevents the carrying of Oxfordshire ore or limestone, 
in addition to paralysing a bunker line. The analogue 
revealed the necessity for careful control. 

Owing to the complex nature of the system and the 
fact that there is a considerable amount of mutual 
interference between the four lines, it is essential that 
ore handling should come under the control of one 
individual who would be acquainted not merely with 
present facts but also with future positions (such as 
the state of all bunkers within the system) in 3, 6, and 
12 hr. time and the ship stem. With this information, 
he could make such decisions as would allow him to 
keep the system working without interfering with the 
unloading of ships. Planning ahead could be re- 
commended as the answer to many of the problems 
which will certainly arise within the system. If a 
controller were so foolish as to neglect planning ahead, 
he might find himself faced with a situation in which 
ores of a certain type were required in bunkers but the 
requisite bunkers lines were not available. Yet if one 
of those ores had been recovered from stock perhaps 
2 hr. earlier, the situation might not have arisen. 


LIMITATION OF THE ANALOGUE 


The considerable physical effort involved in the 
handling of lead shot seriously limits the flexibility of 
the analogue. This could have been overcome mech- 


anically, but it was not thought worthwhile for the 
tests. Indeed, the elaborate scheduling is advant- 
ageous in the long run, since it enables the paper side 
of the planning to be developed simultaneously. 
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Determination of Nickel 


DEVELOPMENT OF A METHOD 


APPLICABLE TO ALL CLASSES OF STEEL 


By the Methods of Analysis Committee 


SYNOPSIS 


A detailed investigation of the determination of nickel in steel has been made and two methods have been 
formulated which together cover all requirements. Particular consideration has been given to the interference of 


copper and cobalt. 


Copper interference is eliminated by (a) the use of a large excess of dimethylglyoxime reagent to ensure complete 
precipitation of the nickel and (6) precipitation at high temperature (90° C.), which prevents co-precipitation of 
copper. Under these conditions, accurate determinations can be made with only one precipitation of the nickel. 

Provided that hydrogen peroxide is used to oxidize cobalt, the same conditions are applicable, without 


interference, in the presence of up to 0-15 g. of cobalt. If more than 0-15 g. of cobalt is present in the solution, an 
alternative method must be used. This is a modification of the ‘ Kirtchik’ procedure, depending on the difference 
in stability of nickelo- and cobalticyanide complexes, which permits selective decomposition of the nickelocyanide 





and precipitation as glyoxime without interference from the stable cobalticyanide. 
Typical results by the two methods show very satisfactory performance for all classes of steel and many other 


nickel alloys. 


THERE ARE two existing British Standard methods 
for the determination of nickel in steel: B.S. 1121: 
Part 2 is for permanent magnet alloys containing 
nickel in the range 7-35°% together with 10-30% Co 
and other elements, such as copper up to 8%, whilst 
B.S. 1121: Part 6 is for residual amounts of nickel 
(< 0-5%) in carbon and low-alloy steels. 

These methods were developed to meet well defined 
specific needs and, whilst they give excellent perform- 
ance within their prescribed field, they are, in their 
present form, of limited general application. It was 
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considered that an investigation should be undertaken 
with a view to defining optimum conditions for the 
determination of nickel over a wide range of composi- 
tion, giving particular consideration to the known 
interference effects of copper and cobalt which have 
not before been adequately assessed. 





Paper MG/D/106/54 of the Methods of Analysis Com- 
mittee of the Metallurgy (General) Division of the 
British Iron and Steel Research Association, received on 
2nd November, 1954. 
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Table I 


DETERMINATION OF NICKEL IN A SERIES OF HIGHLY ALLOYED MATERIALS 
By Trial Method Based on B.S.1121, Parts 2 and 6 





Sample | Type 


Nickel Content (by Different Laboratories), % 





| | /o 
MGS/63 Heat-resisting rustless 20% Cr, 30% Ni 


MGS/90 | Heat-resisting rustless | 13-5°, Cr, 13-5% Ni, 25% W, 
1-6% Mo, 3% Nb, 10% Co 


MGS/109 | Cobalt magnet alloy 0-:9% C, 6% Cr, 5% W, 35% Co 





Composition or — — — —- — 
A B Cc D E F G H I 
| 
| | 
MGS/61 High C-Cr die steel | 2-2% C, 14% Cr, 0-5% W 0-:16;; 0-16 | 0-16, 0-14,; 0-16 | 0:16 0-13 0-16; 0-16 
MGS/62 | | 2:2% C, 18% Cr, 2% Ni, 2% W, | 2:14 | 2-12 | 2:14 | 2-15 | 2:16 | 2-15 | 2-15 | 2-14 | 2-14 
% Co 


MGS/110 | Ni-Al alloy 26% Ni, 12% Al, 4% Cu 
MGS/1i1 | Ni-Cu cast iron 14:5% Ni, 6% Cu 
MGS/112 | Nimonic alloy 19%, Cr, 76% Ni, 1-2% Al, 2:2% 
Ti 
MGS/113 | 3% Cr, 2% Ni, 10% W, 0-5% V, | 
| 0-4% Mo 


31-15 | 30-98 | 31-09 | 31-12 31-27 31-33 31-25 | 30-98 31-28 
13-36 | 13-33 | 13-42 13-35 | 13-47 | 13-35 13-35 13-28 | 13-40 


N.P.* | N.P. | N.P. | N.P. | N.P. | N.P. | N.P. | N.P. | N.P. 
25-92 | 25-84 25-89 25-66 | 25-80 25:90 26:02 

14-54 | 14-51 | 14-56 14-40 | 14:66 | 14-49 14-55 

76-50 | 76-41 | 76-60 | 76°37 | 75-7 76-40 


2:23 2-24 2-23 2-23 2-20 2-23 2-23 








* N.P. = no precipitate 


This work has been carried out by the Highly 
Alloyed Steels and Ferro-Alloys Analysis Sub- 
Committee* and an abridged account of the investi- 
gation is given in this paper, leading to the develop- 
ment of a recommended standard method for nickel 
in all classes of steel. 


DETAILS OF INVESTIGATION 
Trials of Preliminary Draft Procedure 


The first draft method selected for trial was based 
on B.S. 1121: Part 6, with modifications to permit its 
extension over a wider range of nickel concentration. 
In outline, the method involved precipitation of 
nickel as the glyoxime complex from ammoniacal 
citrate solution at 60°C., filtration, solution of the 
red complex, and cyanoargentometric titration of the 
nickel in the neutralized extract. This method used a 
1% dimethylglyoxime solution in 1% sodium hydrox- 
ide instead of the more usual alcoholic solution. The 
reagent addition was regulated to provide for a nickel 
range of 0-40 mg., test weights being adjusted to meet 
this requirement. There was a modification for high 
cobalt steels based on the method for permanent 
magnet alloys (B.S. 1121: Part 2) in which cobalt was 
oxidized to the cobaltic condition with hydrogen 
peroxide and the nickel was precipitated with a Couble 
allowance (50 ml.) of dimethylglyoxime reagent, for 
which the 1% alcholic solution was used. A repeat 
precipitation was specified for cobalt and copper 
steels. 





* The constitution of this Sub-Committee at March 
31st, 1954, was: Mr. B. BAGSHAWE (Chairman), Brown- 
Firth Research Laboratories; Mr. C. D. ATKINSON, 
Sheffield Testing Works; Mr. J. W. FLInt, Wm. Jessop 
and Sons, Ltd.; Mr. L. E. GARDNER, Edgar Allen and 
Co., Ltd.; Mr. C. L. GRAYSON, English Steel Corporation, 
Ltd.; Mr. E. W. HARPHAM, Richard Thomas and Bald- 
wins Ltd.; Mr. S. Harrison, Kayser Ellison and Co., 
Ltd.; Mr. J. D. Hitt, Bragg Laboratory, N.O.1I.D.; Mr. 
G. M. Hormes, London and Scandinavian Metallurgical 
Co., Ltd.; Mr. R. T. PoSTLETHWAITE, Samuel Fox and 
Co., Ltd.; Mr. L. N. Taytor, Samuel Osborn and Co., 
Ltd.; Mr. J. L. West, Hadfields Ltd. 
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The procedure was applied to a selection of alloy 
steels covering a wide range of nickel content and 
types, and the results obtained are given in Table I. 
With the exception noted below, the procedure 
operated satisfactorily and the results were in good 
general agreement. 

The method failed entirely on the 35% Co steel 
MGS/109, where the high cobalt content completely 
suppressed precipitation. The other cobalt steels in 
the series, MGS/62 and MGS/90, operated satisfac- 
torily but in both cases the more favourable Ni/Co 
ratio permitted much reduced sample weights to be 
used. There was, however, obvious cobalt contamina- 
tion of the first glyoxime precipitate from both these 
steels and contamination with copper in the case of 
MGS/110. 

Satisfactory results were obtained on the high- 
copper steel after precipitation of copper sulphide, 
but it was felt that the incorporation of a sulphide 
separation procedure in a method for nickel should be 
avoided if possible. Moreover, it was considered 
better policy to aim at developing modified conditions 
suitable for general use, both as a standard and as a 
works control procedure, which would be applicable, 
with single precipitation only, to a wide range of 








Table II 
INHIBITION EFFECT OF COPPER ON NICKEL 
PRECIPITATION 
Added 1% Nickel 
Sample Gasman, eae Semk 
8. ml. ‘ %o 
Carbon steel (5 g.) None 10 0-111 
” ” ” 0-05 ” 0- 109 
” ” ” 0.125 99 0-100 
” ” 99 0-125 20 0-107 
” ” ” | 0-20 10 0-041 
” ” ” 0-20 20 0-091 
” ” ” 0.275 10 0-003 
9 99 99 0-275 25 0-091 











*1% solution in 1% NaOH solution 
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Table III 


COPPER CONTAMINATION OF NICKEL 
GLYOXIME 


Nickel-copper alloy No. 4410 (54% Ni, 15-7% Cu) 
0-075 g. aliquot from 0-75-g. test weight 





Single Precipitation | Double Precipitation 





25 ml, 1% reagent, | 25 ml. and 25 ml., 1% reagent, 


| 
| 
54-40% Ni | 53-80% Ni 
25 ml., 1% reagent, | 50 ml. and 25 ml., 1% reagent, 
54-73% Ni | 53-80% Ni 
25 ml., 1% reagent, | 50 ml. and 25 ml., 1% reagent, 
54-79%, Ni | 53-80% Ni 
50 ml., 1% reagent, | 75 ml. and 25 ml., 1% reagent, 
54-40% Ni | 53-72% Ni on 
75 ml.,1% reagent, | 75 ml. and 25 ml., 1% reagent, 
54-40% Ni | 53-80% Ni 





Results by sulphide separation of) 53-96, 54-00 
copper followed by single precipi- +54-13, 
tation with 25 ml. of reagent 53-73, 53-73 











copper and cobalt concentrations. Accordingly, 
therefore, further work took the form of a detailed 
study of the copper and cobalt interference effects. 


Effects of Copper 

Copper interferes in nickel determinations by 
consuming part of the available reagent, by retarding 
or partially inhibiting precipitation, and by direct 
contamination of the precipitate with comparatively 
small but none the less significant amounts of co- 
precipitated copper glyoxime. Whether high or low 
results are obtained is largely dependent on the 
relative and absolute nickel and copper concentrations 
and the precipitation conditions. 

The marked effect of copper in partially inhibiting 
nickel precipitation is shown clearly by the results in 
Table II. Incomplete recovery of nickel was probably 
due simply to competition between copper and nickel 
ions for the available reagent, and the next series of 
tests was therefore designed to show the effect of 
increasing the reagent concentration. The results 
showed that the suppressive effect of as much as 
0-5 g. of copper (equivalent to 10% Cu on a 5-g. 
test basis) could be prevented by using 75 ml. of the 
1% reagent solution. 

There had been some doubt about the effect of high 
alcohol concentrations on the solubility of the nickel 
complex, and for the preliminary tests (Tables I and 
II) a solution of the dimethylglyoxime reagent in 
sodium hydroxide had been used. Later results, 
however, suggested that alcohol solubility of the 
nickel complex was not a significant feature even when 
large excesses of reagent were added, and in view of 
this the reagent solution in sodium hydroxide 
previously used was rejected in favour-of the 1% 
alcoholic solution. A few comparative tests were also 
carried out using the water-soluble sodium dimethyl- 
glyoxime, but this reagent was much less effective, 
weight for weight, than the normal reagent and 
offered no corresponding advantages other than 
aqueous solubility. 

The next feature to be considered was the positive 
error caused by co-precipitation of copper with the 
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nickel complex, and an indication of the magnitude of 
this error is provided by the results given in Table IIT. 
The copper concentration in the test solutions was 
only 12 mg., and in further tests there was evidence of 
contamination with only 6 mg. of copper in the 
solution. The error resulting from single precipitation 
of the nickel complex was therefore a matter of 
major concern, as these copper concentrations are 
often exceeded in general practice. 

Consideration was given to the temperature of 
precipitation. All previous tests had been precipitated 
at 60°C. but it was believed to be preferable to 
precipitate at a much lower temperature (e.g. 20° C.) 
to ensure maximum insolubility of the complex. Tests 
carried out at this temperature certainly indicated 
that a quantitative yield of very low nickel contents 
(about 1 mg.) could be achieved with a comparatively 
short standing time, i.e. 1 hr., but there was a marked 
increase in the degree of copper contamination. 

The results in Table IV show the order of copper 
contamination for precipitations made at 20° C., and 
it is significant that contamination is still evident, 
although in reduced degree, after two precipitations 
of the nickel complex. 

Further experiments were therefore made to deter- 
mine the influence of precipitation temperature on the 
degree of copper contamination. The results (Table V) 
indicate that co-precipitation of copper is largely 
determined by temperature alone and that at high 
temperatures (about 90°C.) the effect is barely 
significant even when 0-04 g. of nickel (the maximum 
intended for the method) is precipitated in the 
presence of 0-05 g. of copper. In addition, determina- 
tions of nickel on an 18/8 rustless steel containing 
8-75% Ni gave a series of values (single precipitation 


Table IV 


CO-PRECIPITATION OF COPPER 
0.04 g. Ni added, precipitation at 20° C. 


























, ae re ea — 
Weisht Copper Dimethyl- | recipitate, §. 
of Steel, | Added, | youn, |—— 
&- | &- | ml. Single Double 
| | Precipitation | Precipitation 
2-0 0-1 75 | 0.0024 0.0012 
2-0 0-1 | 75 | 0-0026 0.0010 
2-0 0-05 | 75 | 0-0015 0-0004 
2-0 0-05 75 0.0016 0.0003 
2-0 0-05 | 25 | 0-0011 0.0002 
2-0 0.05 2 | 0-0015 0.0003 
2-0 0-01 | 75 0.0008 0.0002 
2-0 0-01 | 75 0.0006 0-0002 
2.0 0-01 | 25 0-0010 | 0-0003 
2.0 | 0.01 | 25 | 0.0006 | 0.0002 
0.2 0-01 | 75 | 0-0025 0.0011 
0-2 0-01 | 75 | 0.0027 0.0010 
0-2 0-01 25 0.0028 0.0011 
0-2 | 0-01 | 25 | 0.0026 | 0.0009 
2.0 | 0.005 | 75 | 0.0003 | 0.0001 
2:0 | 0-005 | 75 | 0.0003 0.0001 
2.0 | 0-005 | 25 | 0.0005 0.0001 
2-0 | 0-005 | 25 0.0004 0.0001 
0-2 | 0-005 | 75 | 0.0008 0.0002 
0-2 | 0-005 | 75 0.0005 0-0001 
0-2 | 0-005 | 25 0.0010 0.0002 
0-2 | 0-005 | 25 0.0007 0-0002 
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Table V 
INFLUENCE OF PRECIPITATION TEMPERATURE 
ON CO-PRECIPITATION OF COPPER 
2-0 g. carbon steel + 0-04 §. Ni 




















Temp. of | Copper Dimethyl- | Copper in Nickel 
Precipitation, | Added, | #¥°Scin., | Single Precipitation), 
: 8 ml. é. 
20 0-01 75 | 0.00070 
9 0-05 » | 0.00330 
99 9 25 0-00190 
30 Pe 75 0.00420 
” ” 25 0-00280 
50 | 0-01 75 0.00040 
75 Pr | a 0.00006 
90 ss om | 0.00002 
” | ” ” | 0.00002 
ne | 0-05 = | 0.00010 
” |” | * 0.00010 





only) ranging from 8-74% to 8-80°% Ni after additions 
of copper ranging from 10 to 30 mg. In some instances 
the nickel precipitates were examined for co-precipi- 
tated copper and the maximum found was 0-12 mg. 

Further work led to the conclusion that with 
precipitation at 90° C., 25 ml. of 1% dimethylglyoxime 
reagent solution was adequate for the 0-0-40-g. 
nickel range with up to 0-03 g. of copper present. 
With 75 ml. of reagent, the copper concentration 
range could be extended to 0-2 g. without inter- 
ference. 


Effect of Cobalt 

The interference of cobalt was known to follow a 
similar general pattern to that of copper. There is 
partial, and in some cases complete, inhibition of the 
nickel precipitation and also cobalt contamination of 


the precipitate. The problem of suppression is 
particularly acute when minor amounts of nickel must 
be determined on large sample weights containing 
much cobalt. An example of this is shown in Table I 
(steel MGS/109). 

Contamination of nickel precipitates with cobalt is 
generally more serious than the corresponding effect 
due to copper, and in bad cases the precipitates are 
often dark brown in colour, slimy, and filterable only 
with difficulty. Chirnside, Cluley, and Proffit,! in an 
examination of contaminated precipitates by X-ray 
diffraction methods, reported the presence of a distinct 
second phase containing iron and cobalt, and earlier 
Weeldenburg? had reported a compound containing 
one atom of cobalt, one atom of iron, and three 
molecules of dimethylglyoxime. 

In view of the known difficulties it was recognized 
that it might be necessary to utilize a special technique 
to meet the problem in its most acute form, but it was 
hoped none the less to provide for as much cobalt as 
possible within the framework of the general method. 
The examination was, therefore, made in two parts: 

(i) Adaptation of the conditions developed from the 
copper examination. It was ultimately found that up 
to 0-15 g. of cobalt could be covered in this way 

(ii) Development of a separate procedure for use 
when the cobalt concentration exceeded the limiting 
value of the general method (0-15 ¢.), e.g. high-cobalt 
steels of low nickel content for which large sample 
weights (1-5 g.) are required, such as 35° cobalt 
magnet steel. 

For Cobalt up to 0-15 g.—It was found that the 
conditions developed to provide for copper interference 
were generally applicable in the presence of cobalt, if 
the latter was oxidized to the cobaltic condition with 
hydrogen peroxide before adding the glyoxime. 


Peroxide treatment is usually applied at 60° C., as 


Table VI 


EFFECT OF COBALT: INFLUENCE OF EXCESS AMMONIA 
Nickel Found, °; 
































| | a ¥ ais 
Carbon Steel K3778 (2 g.), No Added Nickel Carbon Steel pc <o0 oe +O ee 
bani » See ee | 
| Cobalt | " : . | 
Analyst | Added, Excess NH,OH (1:1) Added | 
|g. SSS ee 
| | 5 ml. | 10 ml. | 15 ml. | 5 ml. | 10 mi. | 15 mi. | 5 mt. | 10 mL. | 15 mi. | 5 mi. | 10 mi. | 15 ml. | 
—_— NN eee EEE — — - -_ — . ¥ | 
i | > | 
| | 75°C. | 75°C. | 75°C. 90° C. 90° C. 90° C. 75° C. 75°C. 75° C. 90° C. 90°C. 90° C. | 
| | | | 
A | Nil |... | 0-086 | 0-086 | 0-089 2-09 . 2-09 
B s 0-095 | 0-095 0-092 , 0-09 0-07 0-082 2-09 | 2-08 2-09 2-09 2-09 2-08 
Cc ne oO hee. «| OS 0-088 ate ie 2-09 2-08 
| | | 
D e we oe 3 setae | 0-088 ie ee 2-09 2-10 
A 0-25 0-090 | 0-087 | 0-090 ni | { Nil 0-087 | 2-08 | 2-09 2-09 |J 0-32 2-4 2-10 
| (0-088 0-25 
| | | 
B » 1 0-092 | 0-092 Cc 0-085 | 2-09 2-08 2-09 Cc 0-15 2-07 
Cc ‘ bs <1) ee? | 0-108 oe 7m 2-13 - 2-12 | 
| | 0-13 
| | 
| oes | 209 ae | 
D ” a Bs 0-093 0-097 2-09 | 
| 





* C = Contaminated precipitate 
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Table VII 


EFFECT OF COBALT 
Nickel Determinations by Modified Kirtchik Method 





Cobalt Nickel Content by Different Labs., % 


Sample (2 g.) | Added, 
equiv.% | 
A B Cc | D | E 








MGS/14: None | 0-24 | 0-23; | 0-23 | 0-25 0.23, 
carbon 
steel 


” 


25 0.24 | 0-23 | 0-24 | 0-26 | 0-24 
© 50 0.24 | 0-22 | 0-23 | 0-25 | 0-23, 
MGS/98: None | 0-14,/ 0-15 | 0-15 | 0-16 | 0-15 
10% Co 
high speed 
MGS/109: ” 0-14 | 0-14 | 0-14 | 0.14 | 0-14 
35% Co 
magnet 
MGS/165: *” | 0-24 | 0-23 | 0-22, | 0.23, | 0.23, 
15% Co, | 

9% Cr 



































in B.S. 1121: Part 2. It was found that this provision 
could be maintained and the oxidized solution 
subsequently heated to 90°C. for the glyoxime 
precipitation. The only other change found necessary 
was to increase the alkalinity at precipitation, which 
had previously been equivalent to 5 ml. of ammonium 
hydroxide (1:1), to 15 ml. With less than 15 ml. of 
excess ammonium hydroxide there was a tendency 
for occasional tests to give low nickel recoveries or 
even no precipitate at all, and in other cases the 
precipitates were quite perceptibly contaminated 
with cobalt. Table VI shows examples of. these 
effects. In view, however, of the extremely severe 
conditions imposed by this test series, (i.e. a combina- 


tion of a very minor amount of nickel with 0-25 g. of 
cobalt) the recoveries are in general, and particularly 
at the highest ammonia concentration, very satis- 
factory. 

For Cobalt Exceeding 0-15 g.—F¥For these larger 
amounts of cobalt, attempts were made to separate 
the cobalt (a) by selective extraction with diethylether 
after conversion to thiocyanate and (b) by precipita- 
tion as potassium cobaltinitrite. 

An extraction efficiency of 99% was achieved with 
diethylether, and determination of nickel in the 
residual solution, after destroying thiocyanate, was a 
comparatively simple operation. The extraction 
conditions, however, proved to be critical and required 
such exacting attention to the details of manipulation 
that the method was not proceeded with. 

Precipitation as cobaltinitrite offered the basis of a 
workable procedure and the conditions for a virtually 
quantitative separation of up to 1 g. of cobalt were 
achieved. It was shown, however, that the most 
complete separations of cobalt usually involved a 
small loss of nickel in the cobaltinitrite precipitate. 

Attention was therefore diverted to a consideration 
of the principle recommended by Kirtchik.* In this 
method, nickel and cobalt are converted to non- 
ionized nickelo- and cobalto-cyanides and the cobalt 
is selectively oxidized to the cobalticyanide complex 
with hydrogen peroxide. After removing excess 
hydrogen peroxide the comparatively unstable nickelo- 
cyanide is decomposed with formaldehyde and the 
nickel is precipitated with glyoxime without interfer- 
ence from cobalt. 

Kirtchik removes most of the iron before applying 
the complexing treatment, but promising results were 
obtained (see Table VII) using a modified procedure 
in which up to 2 g. of iron was present throughout. 


















































Table VIII 
DETERMINATION OF NICKEL BY RECOMMENDED METHOD No. 1 
| 
| Nickel Content by Different Laboratories, % | 
Sample | Type | Composition | : | Average 
| ; A | B|/aj;}pb|eE | F G H | i) a | ae 
| ! | | | | | | | | | 
| | | | | | | | 
MGS/3__| Immac. 5 | 250, Cr, 20% Ni | 21-13 | 21-06 | 21-20 | 20-96 | 21-15 | 21-30 | 21-14 | 21-11 | 21-10 | 21-26 | 21-08 | 21-24 
| rustless | | | | | | 
| | | | | | 
MGS/148 | Brit. Chem. | 24% Co, 5% Cu, 7% | 11-32 | 11-14 | 11-20 | 11-23 | 11-28 | 11-28 | 11-09 | 11-14 | 11-19 | 1- ‘29 | 11-23 | 11-22 
Std. 233 Al, 0-8% Ti | | | | 
comax | | | | | 
Magnet | | | | | | 
| | | | | | | 
MGS/182 Stainless 20% Cr | 0-24,| 0-24 | 0-24,| 0-24, | 0-23, | 0-24 | 0-24 | 0-23,| 0-23,| 0-24 | 0-24,| 0-24 
| stee | | | | | | 
| | | | | | | 
| | | | | | 
MGS/186 | High-speed | 18% W, 4% Cr, | 0-031| 0-028 0-031 | 0-026 | 0-028; 0-027; 0-025) | 0-027) 0-024 | on 0-027 
1-2% V | | | | 
| | | 
MGS/187 | 3% Ni steel | 3-27 | 3-26 | 3-30 | 3-26 | 3-28 | 3-28 | 3-28 3-26 | 3-28 | 3-26 | 3-27 
| | | | 
MGS/188 12-Os cast | 14% Ni, 6% Cu | | 14-17 | 14-09 | 14-15 | 14-25 iu. 09 14: 21 co 18 | 14-15 /14-23 | 14-10 | 14-16 
ron | | | | 
| 
| 7 ae | | a; Pe 
MGS/189 | Nimonic | 74%, Ni 21% Cr, | 71-5 = | 72-5 | 74-1, | 71-4, | 71-7, | 71-1, | 71-2 | 71-4 | 71-6, | 71-2 | 71-4 
| D | | | | 
0 | | | | | : 
MGS/190 | High-speed | 20% W,5% Cr,1-5%| 0-19 | 0-19 | 0-18 | 0-17 | 0-19 | 0-18 0-19 | 0-18 | 0-19 | 0-18,| 0-19 | 0-18, 
| V, 0- 5% Mo, 6% | | | | | 
| Co | | | | | 
| | | | | | 
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Table IX 
DETERMINATION OF NICKEL IN HIGH-COBALT STEELS BY RECOMMENDED METHOD No. 2 
T 
Nickel Content by Different Laboratories, % 
Steel | Type/Composition i | Average 
| | A B c D E 
' | u 
| | 
MGS/98 | 10%, Co, high-speed: 18% W,4-5% | 0-15 | 0-14, 0-14, 0-15 0-14, 
| Gr, 15% V, 1% Mo 0-15 0-14, 0-15 0-15 0-14 0-14, 
| mm 0-15 0.15 We 
MGS/109 | 35% Co, magnet alloy: 5% W, 0-13, | 0-14 0-14 0-13, 0-13, 
6% Cr 0-13. | 0-14 0-14 0-13, 0-13, 0-13, 
| 0-13; 0.14 0-14, bes 
MGS/165 | 15% Co: 9% Cr, 1-5% Mo 0-24, 0-23, 0-24 0-24 0-25 
0.24 0.23, 0.24, 0-23, 0.24 0.24 
| if 0-23 0-24, ne) 
| 














The results indicate no interference with 1 g. of cobalt 
present. Further modifications of detail were made 
leading to the final recommended method. 


THE RECOMMENDED METHODS 


Following the investigational work outlined above, 
two recommended procedures were formulated: 


Method 1—¥For general application to all classes of 
steel and iron subject to the qualification that the 
amount of cobalt present in the test solution should 
not exceed 0-15 g. 

Method 2—A modified ‘ Kirtchik’ procedure for 
specialized application where Method 1 is inapplicable, 
i.e. more than 0-15 g. of cobalt in the test solution. 
The methods are described in working detail in 
Appendixes I and II, respectively. 

In both methods the nickel is finally determined by 
cyanoargentometric titration. Comparative trials 
were also made of an alternative form of titration 
using disodium dihydrogen ethylenediamine tetra- 
acetate, in conjunction with Murexide indicator. 

The results obtained were fairly satisfactory but the 
sharpness of end-point detection was affected by the 
ammonium salt concentration of the prepared titra- 
tion solution and a minimum concentration was 
requisite for best performance. In no case, however, 
was the equivalence point marked with such consistent 
certainty as in the cyanometric titration and it was 
felt that ‘E.D.T.A.’ titration did not offer any 
advantages meriting its further consideration for the 
purpose of this work. 

As a final test of the recommended methods, 
determinations were made on a selected series of 
highly alloyed steels and other alloys covering a most 
comprehensive range of general composition and 
forming an exacting test of reproducibility and general 
performance. The results obtained, together with the 
composition of the samples, are given in Table VIII 
for Method 1 and Table IX for Method 2. 


CONCLUSION 


The two methods formulated as a result of this 
investigation give reliable performance for the deter- 
mination of nickel in all classes of steel and in many 
other nickel-bearing materials. They will be recom- 
mended for adoption as British Standards. 


JULY, 1955 
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APPENDIX I 


Determination of Nickel 
RECOMMENDED METHOD No. 1 
Introduction 
Principle—The sample is dissolved in hydrochloric 
acid and oxidized with nitric acid, and the nickel is 
precipitated as its glyoxime complex from ammoniacal 
citrate solution. The filtered complex is dissolved in 
mineral acid and nickel determined by titration with 
potassium cyanide and silver nitrate. 
Range—All nickel contents. 
Reproducibility 
+0-02% at 3% Ni 
t 0-10% at 15% Ni 
- 0-30% at 70% Ni 
A pplication—The method is applicable to all classes 
of steel and iron, subject to the qualification that the 
amount of cobalt which may be present in the test 
solution should not exceed 0°15 g. 


Special Apparatus Required 
Grade A graduated glassware shall be used through- 
out. 


Reagents Required 


All reagents shall be of the highest purity obtainable 
and distilled water used throughout. Solutions shall 
be freshly prepared and, where necessary, filtered. 

Hydrochloric Acid (5%, v/v)—Dilute 50 ml. of 
hydrochloric acid (sp.gr. 1-16) to 1 1. 

Citric Acid (50 per cent.)—Dissolve 500 g. of citric 
acid in water and dilute to 1 1. 

Ammonium Hydroxide (50°, v/v)—Dilute 500 ml. 
of ammonium hydroxide (sp.gr. 0-880) to 1 1. 

Dimethylglyoxime (1 per cent. Alcoholic)—Dissolve 
10 g. of dimethylglyoxime in industrial methylated 
spirit and dilute with spirit to 1 1. , 
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Ammonium Nitrate (2 per cent.)—Dissolve 20 g. of 
ammonium nitrate in water and dilute to 1 1. 

Nitric Acid (50% v/v)—Dilute 500 ml. of nitric 
acid (sp.gr. 1-42) to 1 1. 

Ammonium Hydroxide (10% v/v)—Dilute 100 ml. 
of ammonium hydroxide (sp.gr. 0-880) to 1 1. 

Potassium Iodide (1 per cent.)\—Dissolve 10 g. of 
potassium iodide crystals in water and dilute to 1 1. 

Nickel Nitrate—Dissolve 1 g. of spectrographically 
pure nickel in 25 ml. of nitric acid (50% v/v). Boil, 
cool, and dilute to 11. (1 ml. of this solution = 0-001 g. 
of nickel). 

Silver Nitrate—Dissolve 5-789 g. of silver nitrate 
crystals in 400 ml. of water. Add ammonium 
hydroxide (50% v/v) cautiously until the precipitated 
silver compound just redissolves and dilute to 1 1. 
(1 ml. of this solution = 0-001 g. of nickel). 

Potassium Cyanide—Dissolve 4-75 g. of potassium 
cyanide in 200 ml. of water, add 1 g. of potassium 
hydroxide, and dilute to 1 1. 


Sampling 

Recommended methods of obtaining a suitable 
sample for the analytical procedure outlined are 
described in B.S. 1837: Part 1: 1952. 


Procedure 

Transfer a suitable weight of sample (Note 1) to a 
400-ml. conical beaker. Add 50 ml. of hydrochloric 
acid (sp.gr. 1-16), digest until solvent action is 
complete, and oxidize with dropwise additions of 
nitric acid (sp.gr. 1-42) (Note 2). Evaporate to a 
volume of 20-30 ml. (Note 3). 

Cool, add 30 ml. of citric acid solution (50%) 
(Note 4), and dilute to approximately 200 ml. with 
water. Neutralize with dilute ammonium hydroxide 
(50% v/v) until the solution is faintly ammoniacal 
(as indicated by its reaction to litmus or bromocresol 
purple paper), and add 15 ml. excess. Dilute to about 
300 ml. (Note 5). Heat to 90°C. and add 25 ml. of 
dimethylglyoxime (1%) (Note 6), whilst stirring 
thoroughly to assist coagulation of the precipitate. 
Cool rapidly to room temperature and allow to stand 
for not less than 20 min. (Note 7). 

Filter through an ashless paper pulp pad and wash 
thoroughly with cold ammonium nitrate (2%). 
Dissolve the precipitate through the paper into the 
original beaker with alternate small washes of hot 
nitric acid (50% v/v) and warm water. 

To the extract add 5 ml. of sulphuric acid (sp.gr. 
1-84) and evaporate to fumes of sulphur trioxide. 
Dilute to 100 ml. with water, boil to dissolve the 
nickel sulphate, add 1 ml. of citric acid (50%), and 
neutralize with ammonium hydroxide (50% v/v), 
using litmus or bromocresol purple paper. Cool, add 
10 ml. of dilute ammonium hydroxide (10% v/v), 
dilute to 150 ml., add 5 ml. of potassium iodide 
solution (1%) and titrate with standard potassium 
cyanide and silver nitrate solutions as follows: 


Add 1 ml. of silver nitrite solution and, while 
shaking, run in potassium cyanide solution to clear 
the turbidity. Add an excess of 2-5 ml. of potassium 
cyanide solution and titrate slowly with silver nitrate 
solution until one drop just produces a turbidity. 
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Standardization 

Silver Nitrate—Standardize the silver nitrate against 
standard nickel solution as follows. Deliver 40 ml. of 
standard nickel solution into a 400-ml. conical beaker, 
add 5 ml. of sulphuric acid (sp.gr. 1-84), and evaporate 
to fumes. Cool, dilute to 100 ml. with water, prepare 
the solution, and carry out the titration as described 
in the procedure section (fourth and fifth paragraphs). 

Potassium Cyanide—Add 5 ml. of sulphuric acid 
(sp.gr. 1-84) and 1 ml. of citric acid (50%) to 100 ml. 
of water. Neutralize with ammonium hydroxide 
(50% v/v). Cool, add 10 ml. of ammonium hydroxide 
(10% v/v), dilute to 150 ml., and add 5 ml. of potassium 
iodide solution (1%) as described in the fourth 
paragraph of the procedure section. To the solution 
thus prepared for titration, run in 5-10 ml. of silver 
nitrate solution, and while shaking add _ sufficient 
potassium cyanide solution to clear the turbidity and 
leave a slight excess. Repeat by adding small incre- 
ments of silver nitrate and clearing with potassium 
cyanide until 37-38 ml. of potassium cyanide have 
been added. Add further potassium cyanide solution 
to bring the total volume added to 40 ml. and complete 
the titration with the dropwise additions of silver 
nitrate solution until one drop just produces a tur- 
bidity. 


. 


Calculation 
1 ml. of corrected net titre = 0-001 g. of nickel. 


Notes 
(1) It is recommended that the sample weights 
should be regulated to give a maximum of 0-04 g. 
of nickel: e.g. 
0-2% Ni—2 g. 
2-4% Ni—1 g. 


For larger amounts of nickel proportionately 
reduced sample weights should be taken. With a 
limiting value fixed at 0-04 g. of nickel all titrations 
will come within the compass of a single (50-ml.) 
burette charge. For steels containing less than 0-2% 
Nia 5-g. sample is advised. 

Small samples may be weighed directly, or alter- 
natively a larger sample may be taken and an aliquot, 
equivalent to the recommended weight, obtained 
after making up the steel solution to a suitable 
standard volume. 

(2) With certain classes of highly alloyed steel, 
solution is facilitated if nitric acid is added at an early 
stage. In all cases it is necessary to ensure that the 
solution is fully oxidized when all metal has passed 
into solution. 

Sulphuric acid (50 ml. of 15% v/v) may be used as 
solvent instead of, or in addition to, the hydrochloric 
acid. The resultant solution, after oxidation with 
nitric acid, may, if necessary, be evaporated to 
sulphur trioxide fumes to assist in the complete 
decomposition of highly resistant carbides. In this 
case, extract the fumed concentrate with 70 ml. of 
water and continue according to the procedure, 
including the directions of Note 3 if necessary. 

(3) If graphite or large amounts of tungsten, 
niobium, titanium, or silicon are present, dilute to 
70 ml. with water, filter, and wash thoroughly with 
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hot hydrochloric acid (5% v/v). The precipitate may 
be discarded without further examination. 

(4) For 5-g. samples use 70 ml. citric acid (50%). 

(5) If cobalt is present (not exceeding the equivalent 
of 0-15 g.) add 30 ml. of hydrogen peroxide (20 vols.), 
heat to 60° C., digest at this temperature for 5 min., 
then heat to 90° C. and add 75 ml. of dimethylglyoxime 
(1%). 

(6) The amount specified is sufficient for 0-04 g. of 
nickel, but if more than 0-03 g. of copper is also 
present in the solution, use 75 ml. of dimethyl- 
glyoxime (1%). This provides for up to 0-2 g. of 
copper being present. 

(7) For nickel contents below 0-2% stand overnight. 


APPENDIX II 


Determination of Nickel] in High-Cobalt Steels 
RECOMMENDED METHOD No. 2 
Introduction 


Principle—Nickel and cobalt are converted to 
complex cyanides, the cobalt cyanide oxidized to the 
stable cobalti- form with hydrogen peroxide and nickel 
precipitated with dimethylglyoxime using formalde- 
hyde to decompose the nickelocyanide selectively. 
The filtered glyoxime is dissolved in mineral acid and 
nickel is determined with potassium cyanide and silver 
nitrate. 

Reproducibility—+ 90-01% in the range up to 
0-25% Ni. 

A pplication—This procedure is intended for special- 
ized application to low-nickel high-cobalt steels where 
the cobalt concentration of the test solution exceeds 
the limiting value of 0-15 g. specified in Method 1. 


Reagents Required 
Tartaric Acid (50 per cent.)—Dissolve 500 g. of 
tartaric acid crystals in water and dilute to 1 1. 
Sodium Hydroxide (30 per cent.)—Dissolve 300 g. 
of sodium hydroxide in water, and dilute to 1 1. 
Other Solutions—As in Method 1 (Appendix I). 


Procedure 

Dissolve 2 g. of sample in 50 ml. of hydrochloric 
acid (sp.gr. 1-16), oxidize with nitric acid (sp.gr. 1-42), 
and evaporate to about 12 ml.* 

Dilute the concentrate with 20 ml. of water and 
add 30 ml. of tartaric acid (50%). Neutralize with 
sodium hydroxide (30%) until the solution is just 
alkaline, re-acidify with hydrochloric acid (sp.gr. 
1-16), and add 3-5 ml. excess. 

Add 15 g. of sodium cyanide and, when dissolved, 
add 25 ml. of hydrogen peroxide (20 vols.) and boil for 
15 min. in a fume chamber with good draught. Cool 
to 70° C., add 0-7 g. of solid dimethylglyoxime, shake 
to dissolve, add 25 ml. of formaldehyde (not less than 
40% solution), shake, and stand overnight. 

Filter and wash with ammonium nitrate solution 
(2%), redissolve the precipitate with nitric acid 
(50% v/v), add 5 ml. of tartaric acid (50°), neutralize 
with ammonium hydroxide (50% v/v), adding 15 ml. 
in excess. Dilute to 300 ml., heat to 90° C., and add 
25 ml. of dimethylglyoxime solution (1° in alcohol) 
whilst stirring thoroughly to assist coagulation of the 
precipitate. Cool rapidly to room temperature and 
allow to stand for 30 min. 

Filter, wash, and dissolve the precipitate and com- 
plete the determination as in Method 1 (Appendix [). 





* If tungstic or niobic acid separates, or stable un- 
decomposed carbides are present, dilute to 70 ml., allow 
to settle, and filter through a pulp pad. Wash with 
hydrochloric acid (5% v/v), evaporate the filtrate to 
about 30 ml., add 30 ml. of tartaric acid (50%), and 
continue from this point according to the procedure. 





Thermodynamics of Carbon Dissolved in Iron Alloys 
Part IV: SOLUBILITY OF CARBON IN Fe-Si—P MELTS 


By E. T. Turkdogan, Ph.D., M.Met., and L. E. Leake 


IN the first? and third? parts of this series of papers it 
was shown that the lowering of carbon solubility in 
iron by silicon, phosphorus, and sulphur, and the 
raising of the solubility by manganese could be repre- 
sented by a simple temperature-independent expres- 
sion, i.e. 

BING = Ng NG isiscsssssocsiosenss(h) 
where No and N€ are atom fractions of carbon in 
graphite-saturated iron—X-carbon and iron-carbon 
melts, respectively, X representing the third element, 
silicon, phosphorus, etc. In those papers only ternary 
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SYNOPSIS 
The joint effect of silicon and phosphorus on the solubility of 
graphite in molten iron has been determined at 1290° and 1490° C. 
The proportion of carbon at saturation displaced by additions of 
silicon and phosphorus at any temperature, and within the com- 
position range 0-00-4-2°4 Si and 0-00-1-39, P, may be 
estimated graphically. 1111 





Paper C/23/54 of the Chemistry Department of the 
British Iron and Steel Research Association, received 
5th November, 1954. 

Dr. Turkdogan is Head of, and Mr. Leake a member 
of, the Physical Chemistry Section of the Chemistry 
Department of the Association. 
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ATOM FRACTION OF SILICON 


Fig. 1—Relationship between — AN§! and silicon con- 
centration 


systems were studied and there is no information 
available on the joint effect of two or more alloying 
elements on the solubility or the activity of carbon in 
molten iron. The purpose of this work is to investigate 
the influence of silicon on the solubility of graphite in 
iron—-phosphorus melts within the temperature and 
composition range encountered in the process of 
ironmaking. 


EXPERIMENTS AND RESULTS 


The experimental apparatus and procedure were 
the same as those in Part I of this series! and will 
therefore not be described. 

The experimental results are given in Table I, 
where in series P and Q experiments were done on the 
iron-silicon—carbon ternary system. The purpose of 
these few experiments was to ascertain that the 
results of Chipman e¢ al.* on the solubility of graphite 
in iron-silicon melts were confirmed by the present 
experimental technique. Series R and S concern the 
solubility of carbon in iron-silicon—phosphorus melts 
containing 1-26% of phosphorus at 1290° and 
1490° C., respectively. 























Table I 
SOLUBILITY OF GRAPHITE IN Fe-Si-1-26%P 
MELTS 
; 
Weight-percentage Atom Fraction 
No. | > a 1 = 
: | c | si | P | c | si | P 
: l | | | 
pi | 1290 | 0-69! 17-75 0-00 | 0.0267 | 0.2939 | 0-00 
P2 » | 0-22| 21-30] ,, | 0.0084 | 0.3475 ¥ 
Qi | 1490 |3-95) 3.52! ,, | 0-1559/ 0.0593) ,, 
Q2  , | 1-03) 16-80) ,, | 0-0398|0.2775| ,, 
Q3 | »  |0-49/20-35| ,, | 0-0187|0-3319! ,, 
Ri | 1290 |3-90| 1.44 1.28 | 0.1555 0.0246 |9-0158 
R2 | ,, |3-65| 2.36/ 1-28 | 0.1456 0.0402 | 0.0198 
R3 | ,, | 3-25) 3-69| 1-25 | 0-1291 | 0.0627 | 0.0193 
R4 | ,, |3-03| 4-28) 1-28 | 0-1212/ 0.0732 | 0.0198 
S1 | 1490 |4-36| 1-49| 1-31 0-1713 | 0-0250 | 0.0191 
S2 » |4-07| 2-48 1-23 | 0.1629 | 0.0424 | 0.0191 
S3 » | 3-60) 3-72|1-24| 0-1422| 0.0628 | 0.0190 
S4 » |3-43] 4.53 a3 | 0-408 0-0763 0.0191 
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ATOM FRACTION OF SILICON 


Fig. 2—Relationship between — AN cw and silicon con- 
centration in the presence of phosphorus, Np = 
0-0195 


DISCUSSION 
Fe-Si-C Ternary System 


Chipman et al.’ made a thorough investigation of 
the solubility of graphite in iron-silicon melts. In 
Part I of this series it was shown that the atom 
fraction of carbon displaced by the added silicon 
was temperature-independent within the range 1290° 
to 1690°C., and a continuous function of silicon 
concentration. 

The relationship between ANS, and Ng; is repro- 
duced in Fig. 1, in which are included five results 
from the present work. Agreement between them is 
good with the exception of those at 1600° C., at which 
temperature Chipman et al. equilibrated iron-silicon— 
carbon melts in graphite crucibles with lime-silica 
slags. It is possible that in these experiments with 
slags, carbon saturation did not reach equilibrium. 

As pointed out previously,’ at silicon concentrations 
below Ni = 0-08, i.e. less than 4-2% Si, the curve in 
Fig. 1 may be assumed to be linear and represented 
by the following equation: 


ANS = — 0-TUN gy. ...000..0c0sseeeees (2) 


where vii is defined by equation (1) and Ng is the 
atom fraction of silicon. 


Fe-Si-P-C Quaternary System 


Because dissolved phosphorus and silicon lower the 
solubility of graphite in iron, the presence of these 
two alloying elements together should reduce the 
carbon solubility to a much greater extent. The 
experimental results given in Table I are plotted in 
Fig. 2, where the value of AN“,” is the difference of 
carbon saturation in iron-silicon—phosphorus—carbon 
quaternary melts and that in iron-carbon binary 
melts at the same temperature (see equation (1) ). 

The point of intersection on the ordinate in Fig. 2 
is obtained from the previously determined effect of 
phosphorus on carbon solubility in iron.1_ The results 
are concordant among themselves and it is clear that 
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the relationship is temperature-independent as in the 
ternary systems discussed in Parts I and ITI. 

Since all the experiments were done at one particular 
phosphorus concentration, i.e. 1-26% P, the full line 
in Fig. 2 represents a quasi-ternary section of the 
iron-silicon carbon system containing 1-26% of 
phosphorus. For comparison a part of the curve in 
Fig. 1 is reproduced in Fig. 2 as a broken line. Non- 
parallelism of the curves indicates that the individual 
effects of phosphorus and silicon on the solubility of 
graphite in iron are not additive. In fact for a given 
phosphorus concentration, i.e. Np = 0-0195, the 
proportion of carbon displaced from a saturated 
solution by added silicon increases at a much higher 
rate above approximately 0-04 atom fraction of 
silicon, i.e. above 2-1% Si. Yet, in the absence of 
phosphorus, the slope of the curve decreases when 
Ns > 0-08 (see Fig. 1). One of the causes of this 
behaviour may be the stronger interaction of silicon 
with the iron—phosphorus system than that with iron 
alone. 


The relationship in Fig. 2 (full line) is linear up to 
Ns; = 0-04 and may be represented by the following 
equation: 

ANSP — — 0-565Nsi — 0-0164.........(3) 


Because the solid line in Fig. 2 relates to one con- 
centration of phosphorus only, it is not possible to 
predict with any certainty the influence of other 
phosphorus contents. However, the curves for 
phosphorus contents lower than 1-26% can be 
estimated by interpolation in Fig. 2. 
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The Corrosion Resistance 


of Low-Alloy Steels 


Introduction 


IN 1937, FOLLOWING A SUGGESTION made by 
Mr. T. Henry Turner, the Corrosion Committee 
decided to make a systematic investigation of the 
effects of low-alloy additions on the resistance of steel 
to corrosion. As Mr. Turner pointed out: ‘“ A steel 
more expensive than mild steel on account of low 
alloy content and appreciably more resistant to cor- 
rosion than mild steel, although not a stainless steel, 
would be welcomed by engineers for thin sections in 
general, where service conditions made probable the 
damaging of protective coatings. Light weight vehicles 
such as rail cars are already being made in steels 
which may possibly come into this category.” 

“ Such steels are desired for inaccessible components 
of steel structures and for parts subject to irregular 
abrasion, e.g. ships’ plates where anchor, hawser or 
chain damages the protective coatings, for wires 
subject to corrosion fatigue and especially for wires 
in which protective coatings may be abraded away in 
mud, and in general for all light structures where 
stainless types of steel are regarded as economically 
impossible and where the minimum of painting and 
maintenance is desirable.” 

The late Dr. W. H. Hatfield, F.x.s., then Chairman 
of the Committee, drafted an experimental programme, 
based on suggestions made by individual members. 
This programme has now been implemented, with 
some slight modifications, despite the unexpected 
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By J. C. Hudson, D.Sc., F.I.M., 


and J. F. Stanners, B.Se. 


SYNOPSIS 

A systematic investigation has been made of the effects of small 
amounts of alloying elements on the corrosion resistance of mild 
steel. The improvement resulting from suitable low-alloy additions 
was found to be greater for atmospheric exposure than for immersion 
in the sea. When exposed outdoors at Sheffield the most resistant 
steels corroded at least three times less rapidly than unalloyed 
mild steel, whereas in sea-water the maximum effect of the low- 
alloy additions was roughly to double the corrosion resistance. 1117 


difficulties occasioned by the outbreak of the Second 
World War. It has involved the production of 60 
low-alloy steels which have been subjected in the form 
of wire and strip to corrosion tests in the atmosphere 
or in sea-water for periods of up to 5 years. In addition 
a few subsidiary tests were made on some rail steels 
and cast irons, and parallel laboratory tests have been 
conducted to assess the resistance of the steels to 
atmospheric corrosion. 

Much of the corrosion testing was carried out by 
individual members of the Atmospheric Corrosion 
Sub-Committee. The present authors, therefore, wish 





Paper MG/BB/16/53 of the Atmospheric Corrosion 
Sub-Committee of the Corrosion Committee of the 
British Iron and Steel Research Association, received 
2nd September, 1954. The views expressed are the 
authors’ and are not necessarily endorsed by the Sub- 
Committee as a body. 

Mr. Stanners is a member of the Association’s Corrosion 
Laboratory, of which Dr. Hudson is Head. 
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Table I—ANALYSES OF THE STEELS TESTED* 
Composition, % 
Steel | Labora- 
No. | tory | 
Cc | Si | Mn | s | P | Ni | Cu Cr | Others 
| | | | | | 
1 A 0-08 | 0-18 | 0-65 0.047 | 0-027 | Trace | 0-014 0-01 
2 | | 0-12 | 0-17 | 0-62 0-040 0-028 | Trace | 0-015 0-01 | 
3 | 0-29 | 0-17 | 0-76 0-043 | 0-027 | Trace | 0-014 0-03 | 
4 | | 0-51 0-18 | 0-78 0-031 | 0-026 | Trace | 0-016 0-01 | 
5 | 0.18 | 0-11 | 1-82 | 0-047 | 0-033 | Trace | 0-014 0-01 
i 0-17 | 0-12 1-71 | 0-045 0-032 — 0-52 | 0-01 | 
| | } | 
6 B | 0-04 | 0-21 | 0-48 | 0-052 | 0-057 | 0-061 | 
| | | ' 
8 | | 0-20 | 0-22 | 0-52 | 0-053 | 0-057 | | 0-52 | 
9 | | 0-12 | 0-20 | 0.54 0-054 | 0-049 | | 0-059 1.04 | 
10 | | 0-23 | 0-22 | 0-55 0-053 0-049 | | 0-056 0-96 | 
Ts | 0-06 | 0-81 | 0.54 0-054 0-057 | | 0-060 | 
a. 0-09 | 0-17 0-52 0-051 0-164 | | 0-059 
13 | | 0-10 | 0-20 | 0-58 | 0-050 0-156 | | 0-48 
14 | | 0-10 | 0-20 0-48 | 0-049 | 0-142 | | 0-059 0-96 
15 | 0-11 | 0-20 0-54 | 0-054 | 0-055 0-52 1.02 
16 | | 0-21 0.23 0-54 | 0-052 | 0-054 0.51 0-96 
17 | | 0-10 | 0-83 0-59 | 0-049 | 0-058 0-057 1-04 | 
18 | 0-11 | 0-80 | 0-49 | 0-053 | 0-053 | 0-53 | | 
20 | | 0-12 0.79 0-51 | 0-049 | 0-158 | 0-51 | 1-01 | 
21 | | 0-11 | 0-26 0-46 | 0-053 | 0-057 | 0-058 | 1-5 | 
19 | 0-11 0.29 0-50 0-050 | 0-053 | 0-054 | 2-04 | 
22 | 0-12 | 0-23 | 0-52 | 0-051 | 0-056 0-056 | 2-47 | 
23 0-11 0.21 0-46 0-052 | 0-055 , 0-49 | 1-44 | 
24 | 0-10 0.29 0-48 | 0-053 | 0-054 | | 0.50 | 1-95 
25 0-11 0.23 0-44 0-050 | 0-055 | 0-48 | 2-44 | 
| | 
27 Cc 0.13 0.27 0-69 | 0-043 0.048 | 0-017 | 
| | | 
26 | | 0-11 | 0.17 0-45 0-050 0-046 0-075 1.59 Al 
28 | 0-12 0.34 0-57 | 0-039 | 0-045 0-014 | 2-61 
29 | | 0-13 | 0-31 0-66 | 0-043 | 0.049 | 0-017 | 2-63 0-14 Al 
30 | | 0-10 | 0-78 | 0-55 0-036 | 0-050 | 0-064 | 2-79 | 1.44 Al 
31 | 0-11 0-23 | 0-50 | 0-040 | 0-048 | 3-06 0-020 | 
32 | | 0-10 | 0-27 | 0-49 | 0-040 | 0-045 | 3-11 | 0-49 | | 
33 0-12 | 0-22 | 0-52 | 0-038 | 0.052 | 3-05 | 0-015 1-00 | 
34 | 0-12 | 0-25 | 0-50 | 0-046 | 0-049 2-98 | 0-45 | 1-13 | 
35 | 0-11 | 0-24 0-65 | 0-038 | 0-046 | 1-51 | 1-01 | | 
| | | | 
36 | D | 0-05 0-17 | 0-34 | 0-012 | 0-019 0-010 | 0-01 | 
37 | | 0-12 | 0-15 | 0-44 | 0-011 | 0-021 0-014 | 0-05 | 
38 | | 0-26 | 0-09 | 0.58 0-012 0-024 | 0-018 | 
39 | | 0-39 | 0-17 0-59 0-012 | 0-026 | | 0-016 | 0-02 
40 | 0-10 | 0-11 0-38 | 0-011 0-022 | | 0-016 | 0.55 Mo 
41 0-10 | 0-13 0-34 | 0-012 | 0-024 | 0-21 | 0.54 0.55 Mo 
42 0-11 | 0-17 | 0-42 | 0.012 | 0-023 | 0-020 0-95 0-54 Mo 
43 0-11 | 0-15 | 0-31 | 0-013 | 0-022 | 1-96 0-020 0-02 0-55 Mo 
44 | 0-12 | 0-13 0-39 0-026 0-023 | 3:0 | 0-018 0-76 0.51 Mo 
45 0-11 | 0-13 | 0-55 | 0.022 | 0-020 | | 0-016 | 0-07 | 0.24V 
46 | | 0-18 | 0-19 0.49 0-013 0-018 | 0-11 | 0-099 | 3-14 0.44 Mo 
| | 
47 | E 0-06 0-13 | 0.47 0-040 | 0-015 | 0-09 | 0-23 | 0-04 0-05 W 
| | | 
48 | 0-09 | 0-12 | 0-47 | 0-037 | 0-013 | 0-10 | 0-21 | 0-03 | 0-05W 0-295 Sb 
49 | 0-08 0-13 0-36 0-039 | 0-014 0-10 0:74 | 0:06 | 0-06W 0-465 As 
50 | 0-09 | 0-10 | 0-46 | 0-041 | 0.013 0-09 | 0-22 | 0-03 | 0-055 W 0-61 Sn 
51 0-09 §=—-0-13 0.45 0-041 | 0-014 0-10 0-20 0-04 | 0-05W <0-01 Cd 
52 0-09 0.12 0-45 | 0-038 | 0-014 0-09 0-22 | 0:04 | 0-05W 0-13 Pb 
53 0-09 = 0-111 0-40 | 0-039 0-013 | 0-10 | 0-21 | 0-05 | 0-06W 0.225 Bi 
54 | 0.09 | 0-12 0-36 | 0-043 | 0-014 0-10 0-20 | 0-08 | 0-66 W 
55 | 0-09 | 0-12 0-36 | 0-043 0-014 0-10 | 0-20 | 0-08 | 0-66 W 
56 0-10 | 0-17 0-34 | 0-033 | 0-012 0-10 | 0-23 (?)) 0-09 | 0.14(?)W 0-38 Ta0.14Nb 
57 0-10 0-17 0-34 | 0-033 | 0.012 0-10 | 0-23 | 0-09 | 0.135 W 0-35 Ta 0-15 Nb 
58 0-10 | 0-09 | 0.30 0-038 | 0-014 | 0-11 | 0-23 | 0-15 | 0-215 W 0-05 Ta 0-27 Nb 
59 | 0-10 | 0-09 0-30 | 0-038 | 0-014 0-11 | 0-23 | 0-15 | 0-22W 0-06 Ta 0-25 Nb 
60 | 0-10 0-11 0-37 | 0-037 | 0-014 | 0-10 | 0-22 0-05 | 0-06 W 0.41 Be 
\ | | ! i i } | 





* The analysis of these steels has involved a considerable amount of work in several different laboratories. 
Blank spaces indicate that no determination was made, there being no deliberate addition of the 


regarded as the ‘ best ’ of those available. 


The values given here are 


element concerned. In steel 52 the lead content varied from 0-15% at the top of the ingot to 0-11% at the bottom. Steel 56 was used mainly 


for preliminary experiments on heat-treatment, but sufficient was left to m: 
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e corrosion tests on it in the form of wire. 
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to make it clear that, although they are responsible 
for the preparation of this report and for the deduc- 
tions drawn from the results, they have been materially 
helped by memoranda on various sections of the work 
that have been kindly supplied by other laboratories. 


EXPERIMENTAL 
Preparation of the Specimens 


The specimens were prepared in the research 
laboratories of members of the Corrosion Committee. 
Full details of the processes involved were taken at 
all stages; all were conducted in the normal way and 
no feature was observed that might have affected the 
results of corrosion tests. 


Manufacture of the Steels 


Fifty-nine steels were produced as laboratory heats 
of 20-100 lb., which were cast as ingots between 
2} in. and 4 in. square. The work was shared between 
five laboratories (see Table I). In addition, a Cr-Mo 
steel to D.T.D. 317 was taken from stock. 

Three of the heats made by laboratory E were 
duplicated, so that their 14 steels represented 11 
different compositions. Moreover, each laboratory 
made a reference low-carbon mild steel free from any 
deliberate addition of alloying element, and three 
heats of higher-carbon steels were duplicated in 
different laboratories. Steel 51, which was intended 
to contain 0-5°% of cadmium, was found to be 
practically identical in analysis with the parent mild 
steel; no doubt all the cadmium added was lost by 
volatilization in the furnace. 

It should be noted that the copper content of 
the reference unalloyed low-carbon steels differed 
from one laboratory to another; indeed, by mis- 
fortune, nearly 0-2°, copper was found to be present 
in all the heats from laboratory #, having been 
introduced through the scrap. In any future research 
of this type it would therefore be an improvement to 
arrange matters so that each laboratory used the same 
raw materials, so as to produce steels with the same 
copper content. 

Details of the compositions of the 60 steels are 
given in Table I. The mechanical properties of the 
steels will be found in the Appendix. 


Preparation of the Specimens 


The steel ingots were first forged into billets, from 
which short lengths were cut for the production of 
wire. The remaining pieces were hot-rolled to strip 
4 in. thick x 2} in. wide. After the edges had been 
trimmed, specimens 3 in. or 14 in. long, according to 
the nature of the test, were sheared from this strip 
for the corrosion tests. All the specimens were hot- 
flattened, and then identified. The remaining strip 
was used for analysis and for mechanical tests. 

The shorter pieces of billet were drawn to 10-S.W.G. 
(0-128-in.) wire. Lengths were cut off for testing at 
this diameter and the remaining material was then 
drawn to 16-S.W.G. (0-064-in.) wire. All the wires 
were straightened and cut to 9-in. lengths, the yield 
for each steel being about 24 pieces of 10-S.W.G. and 
30 pieces of 16-S.W.G. wire. 
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Heat-Treatment and Surface Preparation 


In order to investigate the possible effects of dif- 
ferences in the structure of the steels on their corrosion 
resistance, the strip specimens were heat-treated in 
one of two ways: 

(i) Furnace-cooled from 900° C. or 

(ii) Lead-quenched: the specimens were heated to 
900° C. and quenched in lead at 450° C.; they 
were held there for 5 min. and then allowed to 
cool in air. 

These heat-treatments gave rise to a decarburized 
layer, which was removed from the surface of the strip 
specimens by the following procedures: 

(a) A layer 10 mils* thick was removed by grit- 
blasting from each face of the 3 in. x 24 in. specimens 
used for the outdoor exposure or sea-water immersion 
tests. Then, to reduce the surface roughness, an 
additional 1 mil was removed from the specimens by 
electrolytic pickling. After withdrawal from the bath, 
the specimens were thoroughly washed with water. 

(b) The faces of the 24 in. x 1} in. strip specimens, 
which were used for laboratory spray tests, were 
ground on a surface grinder to remove surface defects. 
A further 7 mils was ground from each side to ensure 
the complete removal of the decarburized layer. The 
edges were ground on a linisher belt. Finally the 
specimens were degreased in trichlorethylene. 

(c) The wires were annealed before exposure and 
were exposed in this condition. 

Programme of Tests 

The experimental programme, shown in Fig. 1, 
included the following tests: 

(i) Outdoor exposure in the Sheffield atmosphere for 
periods of up to 5 years 

(ii) Total immersion in sea-water at Emsworth, also 
for periods of up to 5 years 

(iii) An intermittent spray test in the laboratory. 
Atmospheric Exposure Tests 


The specimens used for the atmospheric corrosion 
tests were exposed outdoors on the roof of the Brown- 
Firth Research Laboratories, Sheffield. The atmo- 
sphere here is highly corrosive, as is shown by the 
rate of rusting of reference specimens of ingot iron. 
Over several periods of one year each, this rate 
averaged 5-7 mils per year, as compared with 2-3 mils 
a year in rural or marine atmospheres. 

Strip Specimens 

For each steel eight 3 in. x 2} in. specimens were 
exposed vertically; six of these had been furnace- 
cooled and two quenched in lead. The furnace-cooled 
specimens were removed in pairs after exposure for 
1, 2, and 5 years, respectively, and the lead-quenched 
specimens singly after 2 and 5 years. 

Visual inspections were made throughout the 
exposure period. After removal from test the speci- 
mens were examined and then derusted by means of 
Clarke’s solution, to determine their losses in weight. 
From these losses the average depths to which the 
steels had been corroded were calculated on the 
assumption that the wastage was uniformly distri- 
buted over the whole surface of the specimens. 


Wire Specimens 
The wires were tested in units of five 10-S.W.G. or 
six 16-S.W.G. replicates. Each set of 9-in. pieces of 





* One mil equals 0-001 in. 
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the same steel was secured by inserting the ends of 
the wires into a pair of drilled plastic holders. These 
units were then mounted side by side in stands on 
the roof, in such a way that the wires were horizontal 
and freely exposed except at their ends. 

The 10-S.W.G. wires were tested over two and over 
five years and the thinner 16-S.W.G. wires over one 
year and over two years. After exposure the average 
breaking load for each set of exposed wires was com- 
pared with the corresponding figure for uncorroded 
wire of the same steel and gauge, determined at the 
same time. From the results, the average depth of 
corrosion d at the point of fracture was calculated by 
means of the relationship 

d =r — r(b/B)i 
where 6 = breaking load of the rusted wire 
B = breaking load of the unrusted wire, as 
determined at the same time 
r = initial radius of the wire (32 mils for 
16-S.W.G. and 64 mils for 10-S.W.G. 
wire). 

The losses in weight of the corroded wires were also 
determined after as much rust as possible had been 
removed by gentle wire-brushing. They gave in 
general the same order of merit as the results of the 
breaking-load determinations and will not be recorded 
here, because in this case they were less accurate 
than the latter. 


Laboratory Spray Tests 

The laboratory spray tests were made using the 
method described by Swinden and Stevenson.! In this 
test the specimens are suspended from a travelling 
belt, which moves round three 12-in. pulleys. During 
a complete revolution of the belt, which takes 6 min., 
the specimens are subjected to the following treat- 
ment: 


(i) They pass through a spray chamber in which 
they are sprayed on both sides with the spray solution. 
The width of the spray is only 4 in. and any given 
point on a specimen passes through it in about 2 sec. 

(ii) After passing round two of the pulleys, during 


which time they dry to some extent in the air, the 

specimens enter a metal box, ventilated at the top 

and bottom and heated by means of two carbon- 
filament lamps to 40°C. While the specimens are 
passing through this chamber, which takes about 

45 sec., their surface becomes quite dry without being 

heated unduly 

(iii) They travel round the third pulley back to the 
sprays and the cycle recommences. 

The test is usually continued for four weeks, the 
apparatus being run during the daytime only on five 
days a week. Each day the specimens are subjected 
to 60 complete cycles, which takes approximately 
6 hr. On the second and subsequent days the speci- 
mens are douched with distilled water and allowed to 
dry thoroughly before spraying begins. At the end 
of the test their losses in weight are determined after 
they have been cathodically derusted. 

The specimens used for these experiments measured 
24 in. x 1} in. x } in. and had been surface-ground. 
As it was impossible to mount all of them on the belt 
at once, they were tested in eight batches of about 
40 specimens. Each steel was represented by two lead- 
quenched and two or more furnace-cooled specimens. 

The whole testing programme occupied 9-10 months 
and, to eliminate variations in the test conditions from 
one run to another, three specimens of the Corrosion 
Committee’s reference mild steel X were included in 
each. All losses in weight were expressed as per- 
centages of the average loss for steel X in the same 
run and these figures were used to compare the 
different steels. 


Total-Immersion Tests in Sea-Water 

The total immersion tests in sea-water were made 
at Emsworth, in a large tank, which is situated on 
the shore and fills with water at each tide; the water 
remains inside when the tide recedes. The conditions 
in the tank are therefore stagnant. 

Four 3 in. x 24 in. specimens of each steel were 
used; two had been furnace-cooled and the other two 
lead-quenched. They were attached to a light plastic 


Laboratory A Laboratory B Laboratory D Laboratory E 
6 ingots 19 ingots 10 ingots 14 ingots 
| | | 
| | 
Laboratory C One ingot from 
| | 10 ingots | stock 
Y | Y Y y y 





Y 
Laboratory F 
Ingots forged 
Strip specimens rolled, sheared, 


Laboratory F 





identified, flattened, and heat-treated 
Wires drawn and annealed 


y 


Mechanical tests 





Strip specimens 3 in. x 24 in. x } in. 

Grit-blasted (to remove decarburized 

layer) and then pickled electrolytically 
| 


Y 





Sea-water Atmospheric 
immersion tests exposure tests 
at Emsworth at Sheffield 


2 and 5 years I, 2, and 5 years 


Fig. 1—Programme of corrosion tests on low-alloy steels 
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Wire specimens 
10 in. lengths 
10 and 16 S.W.G. 


Atmospheric 
exposure tests 
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10 S.W.G. wires—2 and 5 years 
16 S.W.G. wires—I and 2 years 


Strip specimens 
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Surface ground 
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spray tests 

(Intermittent) 
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frame and immersed vertically in the tank at a depth 
of about 15in. Single specimens of each pair were re- 
moved after 2 years’ immersion, and after 5 years, 
respectively. 
RESULTS 

General Remarks 

Before presenting the results, two comments should 
be made: 

(1) As already stated, the copper content of the 
steels was different for each of the series of casts 
made in the five participating laboratories; there 
were slight differences too in the amounts of carbon, 
manganese, silicon, phosphorus, and sulphur present. 
Strictly, therefore, the effect of the alloying element 
in a given steel should be deduced by comparing 
the behaviour of that steel with that of the reference 
low-carbon steel produced in the same laboratory. 
Except, however, for reference steel 47, which con- 
tained about 0-2% of copper, it is doubtful whether 
these differences have any practical significance, 
i.e. the addition of the alloying element(s) might be 
expected to swamp the effects of small differences 
in copper content. In the same way, small differences 
in carbon content may be disregarded, as will be 
shown later. In what follows, therefore, differences 
in the composition of the reference steels will be 
ignored and each of the low-alloy steels prepared 
from them will be assessed on the basis of its own 
observed corrosion rate. 

(2) For the sake of simplicity, the results of the 
field tests in the atmosphere and in the sea will be 
expressed in terms of the equivalent average thick- 
ness of corroded steel, calculated from the observed 
loss in weight or decrease in breaking load, as 
explained in the experimental section. 


The results of all the corrosion tests are given in 
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Fig. 3—Correlation of atmospheric corrosion tests by 
loss in weight and decrease in breaking load 
methods (5 years’ outdoor exposure at Sheffield) 


Table II, where the 60 steels have been arranged in 
nine groups, so as to bring out more clearly the 
influence of carbon content or of certain combinations 
of alloying elements. 


Atmospheric Exposure Tests 

For most of the steels seven distinct observations 
of the effects of outdoor corrosion are available: three 
relate to strip, exposed for 1, 2, or 5 years, two to 
10-S.W.G. wire, exposed for 2 and 5 years, and two 
to 16-S.W.G. wire, exposed for 1 or 2 years. Clearly 
some general index is needed to characterize the sum 
of these seven individual results. Before deciding how 
such an index might be deduced, it will be advisable 
to consider some typical results for individual steels. 
Corrosion/time curves for seven steels are therefore 
plotted in Fig. 2. 
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For analyses of the numbered steels see Table I 


Fig. 4—Effect of small percentages of copper on the 
atmospheric corrosion of low-carbon steel 


Despite the difference in the shape of specimens and 
in the method of determining the corrosion, the results 
for strip and wires agree remarkably well. This agree- 
ment is even more strikingly demonstrated by the 
graphical comparison, shown in Fig. 3, of the results 
obtained after 5 years’ exposure for }-in. strip and 
10-S.W.G. wires, respectively; these results show a 
high degree of correlation. Figure 2 also shows that, 
in conformity with previous observations,” the rate of 
corrosion for the strip specimens decreased after about 
the first year and that the rate of corrosion for 
16-S.W.G. (0-064-in.) wires was greater than that for 
10-S.W.G. (0-128-in.) wires. 

In view of the good agreement between the indi- 
vidual results, it seems permissible to use the average 
rate of corrosion observed in all seven tests as an 
index of the corrosion of each steel. It is true that 
this assumes that the corrosion/time curves are 
straight lines, which is certainly not the case, but any 
more elaborate method of dealing with the figures 
would not be justified by the accuracy of the experi- 
mental data. 

As an example of the calculations involved, the 
corrosion index for steel 1 is derived as follows: 


Total Corrosion, mils 


The corrosion index for this steel is, therefore 
(9-0/1 + 7-7/1 + 12-0/2 + 12-7/2 + 16-7/2 + 26-9/5 
+ 35-4/5)/7 which works out to 7-1 mils per year. 

Index figures for the atmospheric corrosion of the 
steels calculated in this way are given in Table II. 
One or more of the wire test results are missing for 
some steels. In such cases the corrosion index has been 
taken as the average of the corrosion rates observed 
in the other tests; this is indicated by enclosing the 
figure in brackets. The effect on the practical interpre- 
tation of the results is of little consequence. 


Subsidiary Tests on Rail Steels and Cast Irons 


Some subsidiary tests were made on specimens of 
four rail steels and of four cast irons; the latter were 
kindly supplied by the British Cast Iron Research 
Association. Both were exposed outdoors on the roof 
of the Brown-Firth Research Laboratories, the cast 
irons at the same time as the main series of steels, the 
rail steels a year later. Sea-immersion tests were made 
on the cast irons only, contemporaneously with the 
tests on the low-alloy steels. 

The results of these tests are given in Tables IIT and 
4 - 


Laboratory Spray Tests 


The results of the laboratory spray tests are included 
in Table II. Heat-treatment appears to have affected 
the corrosion resistance of the specimens. This effect 
varied tor different steels, but on the whole the lead. 
quenched specimens showed the greater resistance. 
The margin in their favour was particularly marked 
for some of the plain carbon steels but was only slight 
for some of the low-alloy steels. In fact, for the steels 
of Group i, containing small additions of special 
elements such as antimony, beryllium, and tin, the 
lead-quenched specimens were slightly more attacked 
than the furnace-cooled specimens. 

The influence of heat-treatment on the laboratory- 
test results may merit further consideration. However, 
to compare the resistance to corrosion of various steels 
and to correlate the results of the outdoor tests with 
those of the laboratory investigation, it is desirable 
to represent the behaviour of each steel by a single 
figure. The present authors have therefore calculated 
average values for all the specimens of the same steel 


a vig = fay meg ao irrespective of their heat-treatment. The number of 

10-S.W.G. wire ai 12-7 35-4 specimens involved for each steel is four, five, or six. 

16-S.W.G. wire 7:7 16-7 ha It may be observed that there was an appreciable 
Table III 


RESULTS OF CORROSION TESTS ON RAIL STEELS* 
Atmospheric Exposure Tests 














| Analysis, % | Total Corrosion, mils 
Steel | | é 
No.t | | | | | | | | 
Cc | Ma | Si | P | Ss | oo | N | a¥n | 2¥r. 5 Yr. 
| | | | | 
65 0-61 | 0-80 | 0-13 0-015 | 0-042 0.24 | 0-004 | 4-0 7-8 | 18-0 
66 0-58 | 1-14 | 0-13 | 0-052 | 0-031 0-03 0-004 (| 4-3 8-5 | 18.9 
67 | 0-49 | 1-09 | 0-10 0-061 0-052 0-04 0-012 | 4-7 9.8 20-1 
68 0-60 | 1-10 | 0-19 0.049 | 0-047 0-06 0-004 4-3 8-8 19.1 
| | 








* The specimens measured 3 in. x 2 in. x 4 in. 


+ Steels 65 and 66 were normal rail steels of U.S. and U.K. manufacture respectively and steels 67 and 68 had been sorbitized. All four steels 


contained 0-02% of nickel and a trace only of chromium.. 
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variation in the loss in weight of reference steel X in Table V 
efore individual runs, the results obtained being: THE TWELVE BEST STEELS IN THE 
5+ 9/5 ATMOSPHERIC-EXPOSURE TESTS 
' Loss in Weight, 
ear. Run No. g. per specimen 
f the 1 0-241 ati Analysis, % Cosreston 
28 2 0-280 | : Rate, 
x for : i aw | Cu | Ni Other Elements |" year. 
been 5 0-314 
rved 6 0-299 44 | 0-8 oe 3-0 | Mo 0-5 | 1-4 
- the 7 0-368 46 3-1 0-1 | 0-1  Mo0-4 1-4 
‘pre- 8 0-339 30 | 2-8 wan +5 Al 1-5; Si0-8 1-5 
34 «41-1 0-5 3-0 ie 1-6 
Average 0-330 25 | 2-4 0-5 oa 1-6 
_— | 10 we 3-1 1-6 
The deviations from the average range from + 42% 24 «1-9 0.5 2 oA 1-7 
s of to — 27%, but the variations in test conditions from 60 oe 0.2 Ke Be 0.4 1-8 
were run to run indicated by this fluctuation will not affect = - 0-5 ra a 2 
arch the comparisons of the different steels, because each 23 | 1.4 | 0.5 es 1.9 
roof result is expressed in terms of the corresponding result 20 1:0 0-5 P0-16;Si0-8 2-0 
cast for the companion specimens of reference steel X. 
the The average loss in weight of the reference mild 
wile steel, 0-330 g., corresponds to general corrosion 0-30 | Verage for reference steels 1, 6, 27, and 36 5.9 
the mil deep. As the test took 20 days, the equivalent 
annual corrosion rate is roughly 5-5 mils. This is 
and almost exactly the same rate as that observed on the more slowly than the four reference carbon steels 
roof of the Brown-Firth Research Laboratories. (1, 6, 27, and 36) with low copper contents. The 
Hence no acceleration was obtained in the laboratory analyses of these twelve steels are given in Table V: 
test, although presumably this would be the case if With three exceptions, they all contained chromium. 
ded it were run continuously instead of for about 6 hr. __ Two of the exceptions, steels 32 and 31, were 3% 
aoa a day. It should also be noted that the corrosion nickel steels; the former also contains 0-5°% of copper. 
fect suffered by the specimens in the laboratory test was The third exception, steel 60, is of particular interest, 
mer barely 1% of that suffered by the specimens in the for the alloying element was 0-4% of beryllium. This 
“teal field test of five years. steel also contained 0-2% of copper, unintentionally 
hed . added in the charge, but this copper content alone 
: ht Total-Immersion Tests in Sea-Water would not suffice to confer such a high degree of 
ot The essential results of the total-immersion tests in ©Frrosion resistance on it. : : 
cial sea-water are included in Tables II (low-alloy steels) The good performance of the Al-Cr steel (30) will 
the and IV (cast irons). The results of tests over a shorter be noted, and it is also of interest that the Cr-Cu-P-Si 
ked period (2 years) have already been published.? steel 20 should be included in the list, because this 
” steel had the same composition as one of the most 
DISCUSSION OF RESULTS widely used commercial low-alloy structural steels. 
ll Atmospheric Exposure Tests The effects of most of the individual alloying 
os Biesle with Greatest Corrosion Resistance elements and of some of their combinations are clearly 
ith The most important feature of the results of the praiest Fig. 6 —— See stages Pe toe of be 
ble atmospheric exposure tests is the composition of the f a aT 
gle steels that proved most resistant to corrosion. TableII *! ? Years: 
ted shows that twelve steels rusted at least three times A few detailed comments follow. 
eel 
of Table IV 
six. RESULTS OF CORROSION TESTS ON CAST IRONS 
ble l 
Cast Iron | Analysis, %* Total Corrosion, mils 
| | Carbon | | ee Tent Sea-Immersion 
No. | Type t | Mn | P | si | cu cae hai scmiebadeal 
-_ | | Total |Graphitic| | | 1y | ay | sy | ay | sy 
| l 
= | | 
61 | High-phosphorus iron | 2-98 | 1-91 | 0-49 | 1-18 | 1-50 | 0-03 | 4-0 6-8 | 12-4 | 4-2 | 11-0 
62 | General engineering iron | 3-01 | 2.95 | 0-61 | 0-75 | 3-40 | 0-08 | 4.8 | 8-0 16-3| 5-2 | 12-4 
7 63 | Low-alloy iron | 2-90 | 2-78 | 0-54 | 0-59 | 2-97 | 0-84 | 4-8 7-7 | 15-3 | 5-3 | 12-9 
64 | Malleable iron | 3-08 | -» | 0-28 | 0-05 | 0-50 | 0-09 | 5-0 7-9 | 14-9 | 6-3 | 13-1 
Average values for steels 1, 6, 27, and 36 7-5 | 11-1 | 24-0); 5-5 | 13-0 
| | | 
‘a * All four irons contained 0:02-0:03% of sulphur. The analysis of iron 64 refers to the material before annealing; the graphite content of 
els the annealed castings would vary with the depth from their surface. 
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Effect of Carbon Content 


The corrosion index varied considerably for the five 
reference 0-1% carbon steels 1, 6, 27, 36, and 47. 
These variations are undoubtedly connected mainly 
with the different copper contents of the steels. This 
is clear from Fig. 4, in which the results are compared 
with those of earlier work by the American investi- 
gator, D. M. Buck,® who was a pioneer in the industrial 
development of copper-bearing steel. Buck conducted 
outdoor exposure tests on two series of steels produced 
by adding increasing amounts of copper to mild steels 
containing 0-026-0-031% and 0-051-0-057% of sul- 
phur, respectively. His results have been converted 
to a common basis with those of the present research 
by expressing the losses in weight as percentage of 
the corresponding loss in weight of the steel in the 
same series containing about 0-25% of copper. 
(Beyond about 0-2%, further additions of copper to 
mild steel do not lessen its corrosion rate appreciably.) 

The agreement between the present results and 
those of the earlier U.S. work is very striking. With 
one exception (steel 36), the present steels fall on or 
within the envelope of Buck’s observations. Even this 
anomaly is explicable: steel 36 contained only 0-012% 
of sulphur, and might therefore be expected to give 
a result lying below the lower curve which applies 
to steels with about 0-03% of sulphur, since Buck 
showed that the effect of copper additions in improv- 
ing the corrosion resistance is proportionately more 
marked for higher-sulphur steels.* 

This interplay of the copper and sulphur contents 
makes it difficult to reach a decision about the possible 
effects of the carbon content of steel on its corrosion 
rate when very low percentages of copper are present. 
The position is further complicated by the fact that, 
apart from the inevitable limitations on analytical 
accuracy at such low concentrations, the analytical 
results represent an average for a mass of material, 
whereas considerable variations occur from one point 
of the steel to another. The fact that steel 1 is stated 
in Table I to have a copper content of 0-014% 
does not mean that this is the correct value for all 
parts of the steel, and wide variations from this 
average may occur. The same is true for the sulphur 
content. 

If these considerations are disregarded and it is 
assumed that no other factor is operative, the results 
given below for the two series of steels with increasing 
carbon contents made in laboratories A and D indicate 
a slight decrease in the rate of rusting when the 
carbon content of steel rises above about 0°3%;: 


Series a Series d 
Corrosion Index, Corrosion Index, 
Gc, % mils/yr. Cc, % mils/yr. 
0-08 7-1 0-05 5°6 
0-51 5:5 0-39 4-9 


The difference may be partly due to the fact that the 
Cu/S ratio was somewhat greater for the higher-carbon 
steels, as shown by Table I. It is clear that, within 
the range studied, the carbon content of steel is not 
of major importance in determining its resistance 
to atmospheric corrosion. 





* Similar conclusions were reached some years ago by 
Hoar and Havenhand.‘ 
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Effect of Manganese Content 


Two steels (5 and 7) were made with a higher 
manganese content than is usual in ordinary mild 
steel; the latter also contained 0-5% Cu. Steel 5 
corroded less rapidly than the ordinary mild steel 2, 
containing 0:6°% Mn but no added copper. A com- 
parison of the results for steels 7 and 8 shows that 
when 0:5% Cu was also present, the increase in 
manganese content had no effect: 

Corrosion Index, 


Steel Mn, % Cu, % mils/yr. 
2 0-6 0-01 7-2 
5 1-8 0-01 5-0 
8 0-5 0:5 3°3 
7 1-7 0:5 3°3 
Effect of Chromium 


Chromium was present in nearly all the most 
resistant steels. The effect of this element is most 
clearly demonstrated by the results for group d of 
steels, in which various additions of chromium, 
copper, phosphorus, and silicon were made to 0-:1% 
carbon steel. This is a particularly interesting group of 
steels, because some of the compositions correspond 
to low-alloy steels in industrial use. 

The effect of chromium additions is most simply 
and effectively brought out by taking average cor- 
rosion indexes for the steels with the same chromium 
content, disregarding variations in all other alloying 
elements. The following figures are obtained: 

Average 


Chromium, % Corrosion Index, 
(approx.) mils/yr. 
Nil 3°7 
1 2°6 
1°5 2°5 
2 2-1 
2°5 2-0 


This analysis reveals a progressive improvement in 
corrosion resistance with increasing chromium content. 

It is interesting to study the effect of the other 
alloying elements within this range of compositions. 
The results for steels 11 and 15 show that the addition 
of 0:5% of copper by itself to mild steel reduced the 
corrosion index by roughly one-third; this observation 
agrees with earlier experimental work. The beneficial 
effect of copper is also manifested in the presence of 
chromium. There are six pairs of steels in the group 
which have the same chromium content, but of which 
one contains no added copper and the other 0-5% 
of copper. In all cases the ratio of the corrosion 
index for the copper-bearing steel to that for the 
‘copper-free’ steel of the same pair lay between 
0-63 and 0-70. In other words the addition of 0-5% 
of copper to low-alloy steels containing chromium has 
caused a further decrease in their corrosion rate of 
roughly one-third. 

Comparing steels 9 and 15, which contained 0-1°% of 
carbon, with their counterparts 10 and 16, which con- 
tained 0-2°% of carbon, shows that an increase in the 
carbon content from 0-1% to 0-2% increased the 
corrosion index slightly (the mean figures for each 
pair were 2-6 and 2-9). This difference may be con- 
nected with the well-known effect of carbon in high- 
chromium steels in removing chromium from solid 
solution by precipitating it as chromium carbide at 
the grain boundaries. 
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Effect of Phosphorus and Silicon 


The results for steels 11 and 12 show that the 
addition of phosphorus or silicon reduced the rate of 
rusting of the unalloyed mild steel 6. An increase in 
the phosphorus content had little effect when the steel 
was already alloyed with 1% Cr (steels 9 and 14), 
although the corrosion index for steels of this chro- 
mium content was reduced when the silicon content 
was increased (steels 9 and 17). Results for the steels 
in question were: 


Corrosion Index, 


Steel P,% Si, % Cr, % mils/yr. 
6 0:06 0-2 an 4°6 
1l 0-06 0:8 oe 4°3 
12 0:16 0:2 <i 4-0 
9 0:05 0-2 1-0 3:1 
14 0-14 0:2 1:0 3-0 
a7 0-06 0:8 1:0 2:7 
Effect of Aluminium 


Three Al-Cr steels (group f) were included in the 
tests, because the French investigators, Portevin 
and Herzog, had reported that steels containing 
small percentages of these elements showed increased 
resistance to marine corrosion.® 

In the present tests all the four steels of this group, 
containing aluminium or chromium or both, resisted 
atmospheric corrosion much. wetter than the parent 
reference steel 27. The corrosion index for one of them, 
steel 30, was only 1-5 mils/year, which is over four 
times less than that for steel 27 (6-4 mils/year). The 
addition of 1-6% of aluminium alone roughly doubled 
the corrosion resistance, as shown below: 


Corrosion Index, 


Steel Si, % Cr, % Al, % mils/yr. 
27 0°3 se ae 6-4 
26 0-2 Fe 1:6 3°3 
28 0:3 2°6 rors 2°4 
29 0:3 2°6 0-1 2°3 
30 0-8 2°8 1-4 1-5 


The effect of the chromium content of these steels 
on their corrosion index agrees with the conclusions 
drawn in the section on the effect of chromium. More- 
over, a comparison of the corrosion indexes for steels 
28, 29, and 30 suggests that aluminium additions also 
have a beneficial effect when the steel already con- 
tains chromium. 


Effect of Nickel 


It is evident from the results for the steels of groups 
g and h that nickel additions proved markedly 
beneficial in increasing their resistance to atmospheric 
corrosion. For example, three steels of group g, the 
Cr—Cu-Ni series, had a corrosion index that was four 
times less than that for the unalloyed reference steel 
27. These were steels 32, 33, and 34; they all contained 
3% of nickel with 1-0% of chromium and/or 0-5% 
of copper. It is noteworthy that all of them were 
significantly superior to steel 31, which contained 3% 
of nickel alone. 

Steel 44 of Group A, containing 3% of nickel, 0-8°% 
of chromium, and 0-5% of molybdenum, was the 
most resistant steel of all in these outdoor exposure 
tests. It had a corrosion index of 1-4 mils/year. 
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Effect of Molybdenum 


It may be concluded that molybdenum is another 
alloying element that increases the resistance of steel 
to atmospheric corrosion. Thus, the corrosion index 
of reference steel 36 was reduced from 5-6 to 3-8 
mils/year by the addition of 0-5 of molybdenum 
(steel 40). It seems probable, too, that molybdenum 
additions have a significant though less marked effect 
when other alloying elements are also present. Thus 
steel 9, containing 1% of chromium alone, had a 
corrosion index of 3-1, but steel 42, containing 0-5% 
of molybdenum as well, had a corrosion index of 2-7. 


Effect of Other Elements 

The remaining steels (group 7) contained a wide 
variety of different low-alloy additions. 

As already explained, with one exception, about 
0-2% of copper was inadvertently introduced into 
all of them via the scrap used for the charge. In 
consequence the effect of the alloying elements was 
determined on what was virtually a copper-bearing 
basis steel and not on an unalloyed one. With this 
reservation only one of the alloying elements can be 
said to have produced a striking difference: this is 
beryllium. The presence of 0-4°% of beryllium in steel 
60 reduced its corrosion index to little more than half 
the corrosion index for the reference steel 47, which 
contained 0-2°%, of copper; the respective figures were 
1-8 and 3-3 mils/year. 

It is satisfactory to note that the results for dupli- 
cate heats of the same composition (e.g. steels 54 and 
55) agree reasonably well. 

Rail Steels 

The results of the tests on rail steels given in Table 
III agree well with that observed for steel 4 of the 
main series, which had a carbon content of 0-50%. 
After 5 years’ exposure, the strip specimens of this 
steel had corroded to an average depth of 18-7 mils. 
The average figure for the four rail steels, also over 
5 years, was 19-0 mils. 

The results for steels 67 and 68, which had been 
sorbitized, did not differ significantly from those for 
steels 65 and 66, which had not. Although the con- 
clusion must be qualified by the fact that the sorbitized 
and non-sorbitized steels were not identical in com- 
position, there is no indication that sorbitizing has 
had a significant effect on corrosion resistance. The 
effect of the presence of 0-24°, of copper in steel 65 
has not proved so great as would have been expected. 
Cast Irons 

In view of the limited number of specimens tested 
it might prove misleading to base a general com- 
parison of corrosion resistance of cast irons and steels 
on the present results. Table IV shows that the irons 
suffered appreciably less general corrosion than 
reference steels 1, 6, 27, and 36. The differences are, 
however, no greater than could be accounted for by 
differences in copper content, with the exception of 
iron 61, where the high phosphorus content may have 
influenced the result. Indeed the corrosion of the low- 
alloy iron 63, containing 0-84°, of copper, is rather 
greater than that of steel 47, containing 0-23 of 
copper. 


Microscopic inspection of the corroded cast-iron 
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Fig. 5—Corrosion of some carbon and low-alloy steels 
in sea-water 


specimens after 5 years’ exposure revealed no evidence 
of graphitization. 


Laboratory Spray Tests 


The main question raised by the results of the 
laboratory spray tests is ‘‘ Do they or do they not 
reproduce satisfactorily the practical observations 
made in the field ?” As on many previous occasions, 
there is a disappointing answer. The correlation 
coefficient calculated by Spearman’s method between 
the orders of merit of the steels tested in the field 
and in the laboratory tests is 0-38. This figure indi- 
cates only a slight degree of correlation, since only 
four of the 12 best steels in the outdoor tests figure 
in the first dozen places in the spray test. 

Perhaps it is too much to hope for perfect correla- 
tion in tests such as these on a series of low-alloy 
steels. It is known that the differences that develop 
in the corrosion resistance of such steels are associated 
with the properties of the rusts formed on them. There 
is a gradual formation of insoluble compounds, 
believed to be basic sulphates, within the rust layer, 
as the combined result of leaching and redeposition 
processes, which are as yet imperfectly understood. 
These slow natural processes cannot be expected to 
develop properly during a short laboratory test. As 
pointed out on p. 279, the present test produced only 
a few per cent. of the rusting suffered by the steels 
when they are exposed outdoors for several years. 

The laboratory spray test might therefore be 
expected to be particularly sensitive to factors that 
may cause appreciable differences in the initial rates 
of corrosion but which become less important as cor- 
rosion goes on. Clearly, it cannot be said with 
certainty that this is the true explanation of the 
following two facts but it may be connected with them. 

First, as shown in Table II, the decrease in the 
rate of rusting of the plain carbon steels as their 
carbon content rose was much more marked in the 
laboratory test than in the field test. For example, 
in the laboratory test steel 4, containing 0-5% of 
carbon, suffered only half as much corrosion as steel 1, 
containing 0-1° of carbon, whereas in the field tests 
it corroded at over three-quarters the rate of steel 1. 
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Secondly, as stated on p. 278, there was an appre- 
ciable difference between the behaviours of furnace- 
cooled and lead-quenched specimens in the laboratory 
test, whereas heat-treatment was found to have no 
significant influence on the corrosion of the steels 
either in the outdoor or in the sea-immersion tests. 

The explanations of these differences are not 
obvious, but it is reasonable to assume that they are 
due essentially to surface effects, which would be more 
pronounced in the much less destructive laboratory 
test. 

Total-Immersion Tests in Sea-Water 

Before discussing the results of the total-immersion 
tests, it should be stressed that the corrosion resistance 
of steel, or indeed of most metals, when immersed 
in sea-water, will be markedly affected by the condi- 
tions of immersion. For example, relative motion of 
the metal and the water may lead to an intensification 
of the attack by preventing the accumulation of a 
protective corrosion product. A good instance of 
this is the impingement attack that sometimes occurs 
in pipes carrying water at high speed. Moreover, 
under some conditions of immersion severe local attack 
or pitting may occur and the practical consequences 
of this may be far more damaging than the general 
corrosion of the metal. 

The following discussion therefore relates to the 
experimental conditions which consisted of immersion 
in sea-water under static conditions. 

When the specimens were removed from test, both 
after two and after five years’ immersion, they were 
found to be heavily fouled. Beneath the marine 
growth there was a thick deposit of friable and scaly 
rust all over the surface. This rust flaked away easily 
from the steels and, as shown in Fig. 7, its under- 
surface was smooth and showed no marked pitting. 
After two years’ immersion pits more than about 
5 mils deep were found on only one specimen out of 
117. There was some roughening of the surface and 
some local attack at the edges and corners of 34 other 
specimens, but no connection could be traced between 
the incidence of attack and the composition of the 
steel. Under the particular conditions of the experi- 
ment, therefore, pitting was unimportant and, in 
what follows, comparisons of the different steels will 
be based on the corrosion index calculated from the 
losses in weight of the specimens. This index (Table 
II) is the mean rate of rusting, in mils per year, over 
2 years and over 5 years. 


Effect of Heat-Treatment 

As already stated, heat treatment had no obvious 
effect on the corrosion resistance of the steels. In’ 
the case of 56 pairs of specimens that had been 
immersed for five years, the furnace-cooled specimen 
lost more weight than the lead-quenched one for 28 
steels; the reverse held good for the other 28 steels. 
It does not necessarily follow that heat-treatment 
may not affect the corrosion resistance of an individual 
steel, but no deduction on this point is warranted from 
the present experiments. 
Effect of Duration of Exposure 

Considered broadly, the corrosion rate did not vary 
much over the total test period. The average rate 
of corrosion for 11 plain carbon steels was 2-82 mils/ 
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Fig. 6--10 S.W.G. (0-128 in.) low-alloy steel wires after 5 years’ outdoor exposure at Sheffield 
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(a) Specimen as removed (6) Pieces of flaky rust removed from specimen as seen from below 


Fig. 7—Steel specimen after 5 years’ immersion in sea-water 





Iron No. 61 Iron No. 64 


Fig. 8—Cast-iron specimens after 5 years’ immersion in sea-water. The specimens have been 
cleaned from fouling and derusted 
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year over the first two years and 2-69 mils/year over 
five years. Thus, the rate was constant or decreased 
slightly with time. As against this, most of the low- 
alloy steels were relatively more corroded after five 
years than after two years. For example, the average 
corrosion rate for seven steels containing 1% of 
chromium was 1-95 mils/year over two years, but 
2-57 mils/year over five years. Consequently, the 
more resistant low-alloy steels showed to relatively 
Jess advantage in comparison with mild steel over the 
longer test period. 

Effect of Steel Composition 

The range of variation in the resistance of the steels 
to corrosion by sea-water is illustrated by Fig. 5, in 
which the results for two plain carbon steels (39 and 
27) and two low-alloy steels (60 and 30) are plotted. 
The significance of the differences between the curves 
will be discussed below when considering the effects 
of low-alloy additions. The main point to note from 
the diagram is that, as steels 39 and 30 were respec- 
tively the most and the least corroded of the 59 steels 
tested and were corroded to a depth of 14-8 and 4-9 
mils after 5 years, the overall variation in the corrosion 
resistance of the steels was roughly 3 to 1. The low- 
alloy steels should, however, be compared with the 
0-1% carbon steels (steel 39 contained 0-4% of 
carbon) and if this is done, using the data given in 
Table II, it will be seen that the improvements in 
corrosion resistance due to low-alloy additions were 
less in these sea-water tests than was the case for 
atmospheric exposure. 

Plain Carbon Steels—The carbon content of the 
steel, within the range investigated, had little effect 
on the corrosion resistance. There was some indica- 
tion that the higher-carbon steels corroded slightly 
more rapidly than the mild steels. The average cor- 
rosion index for steels containing 0-5% and 0-4% 
of carbon (4 and 39) was 3-05, as compared with an 
average of 2-7 for the 0-1% carbon steels (1, 6, 27, 
and 36). 

Chromium Additions—The addition of chromium 
increased the corrosion resistance in all cases. After 
5 years the steels containing 2-5-3°, of chromium had 
corroded only about half as much as the reference 
mild steels; over the shorter period of two years they 
showed to even greater advantage. There was a close 
correlation between corrosion resistance and chromium 
content, as is shown by the following figures for the 
steels with the same chromium contents of group d 
(Table II): 


Average 
Chromium, % Corrosion Index, 

(approx.) mils/year 
Nil 2°6 
1 2-2 
1°5 2-1 
2 1-9 
2°5 1:6 


Aluminium—Chromium Steels—The alloyed steels of 
the Al-Cr group f proved much more resistant to 
corrosion than the reference steel 27. In fact, as 
already noted, steel 30, containing 1-4°% of aluminium, 
2-8% of chromium, and 0-8% of silicon, gave the best 
result of all in the sea-water immersion test. It had 
a corrosion index of 1-0 mils/year. It is not clear, 
however, whether the aluminium content played a 
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major part in improving the corrosion resistance of 
this steel, because steels 28 and 29, containing roughly 
the same content of chromium but little or no 
aluminium, both had a corrosion index of 1-2. 


Other Alloying Elements—In the tests over the 
shorter period of two years, additions of nickel of up 
to 3% had a slight but significant effect in decreasing 
the corrosion rate. Thus steel 31 (Ni, 3-1%) was 
corroded to a depth of 4-3 mils, as compared with 
5-4 mils for the reference steel 27. After 5 years, 
however, the difference had entirely disappeared, the 
figures for the two steels then being 12-3 and 12-1 
mils, respectively. 

Apart from chromium, only one alloying element 

reduced corrosion to a marked degree, namely 
beryllium. The presence of 0-4% of beryllium in 
steel 60 reduced the corrosion index to 1-7, as com- 
pared with 2-4 for the reference steel 47. Both these 
steels contain 0-2% of copper but this would not 
affect the corrosion rate in sea-water. 
_ On the other hand, except for steel 53, which con- 
tained 0-2% of bismuth and had a corrosion index 
of 2-8, no low-alloy steel corroded more than the 
parent group of 0-1% carbon steels and even this 
difference is of doubtful significance. It is improbable, 
therefore, that any usual low-alloy addition will have 
an adverse effect on the corrosion of steel by sea- 
water. 


Cast Irons—The general corrosion of the immersed 
cast irons did not differ materially from that of the 
reference mild steels, but some of the iron specimens 
suffered graphitic corrosion. This was particularly 
marked for the malleable iron 64, which was the most 
corroded of the four; both specimens of this iron, 
which had an original thickness of } in., were per- 
forated after 5 years’ immersion. The high-phosphorus 
cast iron 61 gave the best results (Fig. 8). 


CONCLUSIONS 


The following are the main conclusions to be drawn 
from these investigations: 

(1) Low-alloy additions are a valuable means of 
reducing the rusting of steel exposed to the atmosphere 
outdoors. Under these circumstances the most resistant 
low-alloy steels rust during the first year or two of 
exposure at only one-third the rate of unalloyed mild 
steel. With longer exposure, they appear to still 
greater advantage. 

(2) The most useful alloying elements for this pur- 
pose are chromium, copper, and nickel. Aluminium and 
beryllium may also be of value. Otherwise, none of a 
wide variety of alloying elements tested was found to 
have had a marked effect on the resistance of steel to 
atmospheric corrosion. 

(3) When immersed in sea-water low-alloy steels 
show to less advantage, but under the more or less 
stagnant conditions described in the paper the addition 
of about 3% of chromium to mild steel roughly 
halved its wastage by corrosion over 5 years. 

(4) The corrosion rates of plain carbon steels, over 
periods of several years in air or in sea-water, are not 
markedly influenced by differences in their carbon 
contents. The results indicate that high-carbon steels 
are less corrodible in the atmosphere than low-carbon 
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steels but more so in the sea. The differences are not 
great, however, and are about 20% in both cases. 

(5) Heat-treatment is not a major factor in deter- 
mining the severity of corrosion of low-alloy steels 
over long periods of exposure to air and sea-water, 
but it may have a pronounced influence in laboratory 
tests extending over a few weeks only. No evidence 
was obtained that sorbitizing affected the corrosion 
resistance of rail steel exposed outdoors. 

(6) There is little difference in the general corrosion 
of cast irons and plain carbon steels when immersed 
in sea-water, although the former may be seriously 
weakened by local attack and graphitization. No 
general conclusion about the respective merits of the 
two types of material when exposed to the atmosphere 
can be drawn from this investigation. 

(7) Laboratory tests of the intermittent spray type 
yield only fair correlation with the results of outdoor 
exposure. This is probably fair correlation with the 
results of outdoor exposure. This is probably because 
the rusting of the steels in the laboratory test does 
not proceed sufficiently far for the differences in the 
properties of the rusts on the various steels to become 
fully operative. 

The investigation has demonstrated conclusively 
that marked improvements in the corrosion resistance 
of structural steels can be brought about by small 
additions of suitable alloying elements. This is 
particularly true for atmospheric exposure, and the 
authors hope that the publication of the present 
results will encourage a much wider use of low-alloy 
steels in Great Britain, where their practical applica- 
tion to date has not been so extensive as elsewhere.* 
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APPENDIX 


Mechanical Properties of the Steels 


The mechanical properties of the steels were deter- 
mined on 3-in. wide pieces of }-in. strip which had 
been heat-treated by furnace-cooling from 900° C. as 
described on p. 273. The decarburized layer was 
removed with a surface grinder before testing. The 
results of the tests were as follows: 


Limit of 0-1% Proof Elongation 
Steel Labora- Proportionality, Stress, U.T.S., (on 1 in.), 
No. tory tons/sq. in tons/sq. in. tons/sq. in. % 
1 A 15-6 20-4 28°3 32 
2 18-1 19-5 29-8 35 
3 14-7 18-5 33-1 30 
4 19-6 20-9 40-6 26 
5 14-4 20°3 33-6 35 
7 20-5 22-9 35°7 34 
6 B 19-4 19-5 26-3 31 
8 20-4 21:8 30-9 30 
9 14-7 18-6 27°7 39 
10 15-0 19-3 33-5 31 
11 12-4 22°5 29-1 35 
12 21-2 22-1 29-6 32 
13 17°3 25-3 31-8 25 
14 15:5 21-3 29-6 34 
15 18-8 20-1 30-4 37 
16 18-0 20-0 32 °5 34 
17 17-3 23-7 32-5 34 
18 24°8 25°5 31-3 30 
20 Missing 
21 14°8 ‘9 28-6 34 
19 16°8 19-0 29-1 36 
22 11-9 19-6 39:1 36 
23 18-5 21-0 29-1 38 
24 19-0 20-4 28-7 34 
25 13-0 20-7 30°3 36 
27 C 19-0 20-8 28-3 35 
26 16°3 19-4 26-9 29 
28 9-75 18-0 29°8 38 
29 8-1 17-0 29-9 36 
30 13:7 22-0 31-2 38 
31 15°8 22-6 32-4 33 
32 23°3 24-9 32-5 34 
33 15-6 25:7 40-0 29 
34 12-4 28-2 44-1 26 
35 25-0 26-2 33-9 28 
36 D 15-1 15:6 22-8 37 
37 8-5 17-2 26 -2 33 
38 13-4 20-3 31-3 30 
39 12-4 20-3 34:1 28 
40 10-9 19-3 24-2 37 
41 15-6 22-5 28 -2 3 
42 16-6 19-0 26°5 42 
43 20-6 22-7 30-8 32 
44 17:6 37-6 44-0 21 
45 18-5 19-8 25-4 43 
46 8-65 19-6 33 -6 36 
47 E 11-2 i hy Arf 23-7 42 
48 23-7 24-6 29-3 34 
49 18-1 23-1 28-3 35 
50 23-4 24°5 29-6 37 
51 11-3 18-1 23-5 26 
52 13-0 18:8 23 -6 34 
53 12°5 17°7 23-4 40 
54 14-1 17-8 24-1 39 
55 16-6 20-5 24-9 37 
56 Missing 
57 22-9 24:3 27-9 36 
58 22-4 23:0 26°5 41 
59 22-7 23-0 26-4 4b 
60 26°8 32:9 42-3 28 
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Residual Plastic Strains Produced by 
Single and Repeated Spherical Impact 


By J. A. Pope, Ph.D., D.Sc., Wh.Sch., M.1.Mech.E., 


and A. K. Mohamed, M.Eng., Ph.D. 


SYNOPSIS 


The aim of the work was to investigate, theoretically and experimentally, the maximum plastic strain and its 


penetration below the surface of a metal, resulting from single and repeated spherical impact. 
were the velocity, the energy, and the diameter of the indentor. 


The variables studied 
The distribution of the plastic strain below the 


indentation was examined by making hardness measurements on appropriately prepared sections through the centre 


of the indentations. 

Part I deals with the case of single spherical impact. 
of geometrical similarity. 
below the indentation. 


The results of a number of preliminary tests justified this assumption. 


A theoretical analysis has been developed on the principle 
It is assumed that the velocity of impact alone does not affect the strain distribution 


Relationships were 


then deduced expressing the energy, diameter of indentor, maximum plastic strain, and its penetration in terms of the 
dimensionless d/D ratio of the indentation, where d is the chordal diameter and D/2 is the radius of curvature. 
The experimental testing has been carried out with a new high-velocity impact machine designed and developed 


for this investigation. 
tions given by the theoretical analysis. 
annealed mild steel. 


Part II deals with a preliminary programme of testing on repeated impact. 
mentioned above are studied for the number of impacts between 1 and 40. 


The results obtained with this machine justify the assumption made and the form of the equa- 
The constants in these equations are determined for annealed copper and 


The effects of the three variables 
Copper and mild steel are found to show 


a distinct difference in behaviour in regard to the maximum increase in hardness (corresponding to the maximum 


strain) and its penetration in the range below 20 impacts. 
Above 20 impacts both metals behave in a similar manner, showing only slight increase in the 


hardening properties. 
maximum strain and its penetration. 


This is thought to be due to their difference in strain- 


Appendix I gives the results obtained for single impacts when the impacted surface is inclined to the direction of 


motion of the ball. 


therefore the results should be regarded as qualitative only. 


THE PRESENT INVESTIGATION was carried out 
with the aim of demonstrating which were the 
important variables in the shot-peening operation. A 
preliminary part of the investigation was previously 
reported by Mohamed and Coombs,! who described 
the requirements to be met by shot peening and out- 
lined the variables to be studied. It was shown that 
the main items of concern in the shot-peening opera- 
tion were the residual plastic strains and the depth 
of their penetration. The variables were velocity, the 
kinetic energy of the shot, and its diameter. The 
paper also described the results of tests carried out 
to examine, in a qualitative manner, the effects of 
each of the variables on the maximum plastic strain 
and the penetration below the surface during a single 
impact. In these tests the impacting head was allowed 
to fall, under gravity, on to flat mild steel or copper 
specimens of ?-in. and 1-in. thickness, respectively. 
The diameter of the indentors varied from 1} in. to 
21 in. A measurement of the plastic strain was then 
obtained by making a hardness survey on a cross- 
section through the centre of the indentation at right- 
angles to the surface of the specimen. The conclusions 
derived from these tests were as follows: 

(i) Under the impact of a spherical indentor, the 
maximum plastic strain existed some distance 
below the bottom of the indentation 

(ii) The impact velocity in the range studied (9-17 
ft./sec.) appeared to have no significant effect 
upon the maximum plastic strain and its 
penetration 

(iii) Increasing the energy of impact resulted in an 
increase of the maximum plastic strain and its 
penetration 
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Under these conditions considerable energy may be dissipated in the machine during impact and 


1043 


(iv) Increasing the diameter of the indentor produced 
a decrease in the maximum plastic strain and 
an increase 1n its penetration. 

This investigation is directed towards the develop- 
ment of quantitative relationships correlating the 
velocity, the energy, and the diameter of the indentor 
to the maximum strain and its penetration. 

Part I of the paper deals with the theoretical and 
experimental study of the case of single impact. 
Part II contains the results of a certain amount of 
testing on the effects of repeated impact, and is 
considered as a first stage in the investigation of the 
more complex problem of shot peening where a whole 
area of the metal surface is repeatedly impacted. 


List of Symbols 


C,C’,C,...C', Constants 
D Diameter of indentor, in. 


d Permanent diameter of indentation, in. 

Er Total energy of impact, in.Ib. 

e Maximum plastic strain under the indent- 
ation 

e’ Representative strain 

m, m’ Constants 

n,n’, N,...n, Constants 

2 Mean dynamic pressure, lb./sq. in. 

p Penetration of the maximum plastic 
strain below the flat surface of the 
specimen, in. 

p’ Penetration of the maximum plastic 


strain below the bottom of the indenta- 
tion, in. 





Manuscript received 28th July, 1954. 

Professor Pope is Head of the Departments of Civil 
and Mechanical Engineering at the University of Notting- 
ham, and Dr. Mohamed is a Lecturer at Heliopolis Univer- 
sity. 


JOURNAL OF THE IRON AND STEEL INSTITUTE 








286 


Velocity of impact, ft./sec. 

Volume of indentation before elastic 
recovery, cu. in. 

Yield stress 

e! Yield stress corresponding to the repre- 

sentative strain 

Distance from bottom of indentation, in. 

Increase in hardness, % 


Part I—SINGLE SPHERICAL IMPACT 
THEORY 

Unfortunately, the theoretical analysis of the 
problem of spherical indentation cannot be carried 
out rigorously. As the problem involves axially 
symmetrical plasticity, it presents certain difficulties 
which are insuperable (see Hill?). Also, to the authors’ 
knowledge, there is no quantitative analysis available 
relating the strain distribution below the indentation 
to the velocity or energy of impact and the diameter 
of the indentor. The following approach to the 
problem will, therefore, be based mainly on experi- 
mental observations of phenomena related to indenta- 
tions in the full plastic conditions. These observations 
had been previously made by Meyer® and Fell* and 
were confirmed in the preliminary work.! They are 
supported by the fact that they seem to be the reason- 
able development into the plastic stage of the solution 
of the problem in the elastic stage. The latter was 
first theoretically predicted by Hertz® and confirmed 
experimentally by photo-elastic processes. ® 

In the theoretical treatment of the problem, on the 
basis of conclusion (ii) of the introduction, it is 
assumed that the effect of the velocity of impact is 
so small that it may be ignored. This assumption is 
supported by the observation of Kokado’ that varying 
only the velocity does not affect the size of the 
indentation if the kinetic energy is kept constant. 
The results of tests by other investigators*- could 
imply similar conclusions to those of Kokado. 

The following two sets of relationships are required: 


(i) The connection between the energy and diameter 
of the indentor and the size of the indentation 
produced. Such a relationship has long been 
known, but a brief review will be given here 

(ii) The correlation between the size of the indenta- 
tion and the plastic strain within the material. 

In this way it will be possible to deduce equations 
of general form relating the energy and ball diameter 
to strain and its penetration. 


Energy, Ball Diameter, and Size of Indentation 
The problem of dynamic indentation was first 
studied experimentally by Martel." His conclusions 
implied that the metal offers an average pressure of 
resistance to the indentor equal numerically to 
Energy of indentor 
Volume of indentor 
For example, let it be assumed that A is the 
projected area of the indentation at any instant, and 
that there is a constant dynamic pressure P resisting 
the indentation during impact. Then the force 
exerted by the indentor on the metal is PA. For all 
shapes of indentors, if dx is the increment of the 
penetration of the indentor, the total work expended 
in forming the indentation is 


iy oe 


be 





| paae =— Py 
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According to Martel, this may be equated to the total 
energy of impact, resulting in 
Ep 


P= V Se scuesutaahsamncessuneate) 


The validity of the above analysis depends upon 
the validity of the assumption that the metal offers 
a constant average pressure of resistance to indenta- 
tion. Such behaviour is characteristic of ideal plastic 
materials. A strain-hardening material is expected to 
offer an increasing resistance to the indentor as it 
penetrates further. 

Accordingly, let it be assumed that 


-_— (5) ede eri da 


From observations made by Tabor? and others!® 14 
on static and dynamic indentations in the full plastic 
conditions, it was shown that 

PC;(Ye') 
At this stage, however, let the more general relation- 
ship be assumed: 

en Py pe Ce | 
where C, and n, are constants and Y,, is the yield 
stress corresponding to the representative strain of 
the indentation. The strain e’ at the edge of an 
indentation was suggested by Tabor! as representa- 
tive strain for its d/D ratio. He also suggested 
expressing e’ in the general form 


1\n2 
e = 05) PR OE TET, 


According to Nadai'® the stress/strain relationship 
for strain-hardening metals may be represented by 


where C’, and n, are constants for each metal. 

It is readily seen that the substitution of equations 
(3), (5), and (6) in (4) justifies expressing P as a 
function of the d/D ratio in the general form 


d\n " 
|) cee 

where C and 7 are constants and 
Nn, = (24.No.Ns3) eee eee meee eee ee eeneeeee (8) 


Now with a spherical indentor of diameter D, for 
an increase in penetration dz 

8Ep = (74 + (P mt + Aa ieee (9) 

.8Ep= PAdx meee 

if quantities of the second order are neglected, since 


P and A are functions of z. 
From the geometry of a shallow indentation, 





2 
Depth of indentation a = =z 


4D 
Projected area of indentation = 
By substitution in equation (10), 


3 
8Ep -c(5)" x ; x a 





D D 
Ep =§ x pcs 5) x al ie nkeced (11) 
By arranging and simplifying, 
a4 - c($)" TO eee (12) 
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Fig. 1—Strain distribution along centre- 
line of indentation 


where C; is a constant for each metal and is dependent 
on the strain-hardening work, equation (12) may be 
written in the simpler form 


Ey d\"s ‘ 
D, = C; (5) tere ee ceeecereeeesees (13) 


where C’, and n, are constants and n; = n, + 4. 


Relationship Between Size of Indentation and Plastic 
Strain Within the Material 

The shape of the plastically deformed region under 
dynamically produced indentation was studied by 
the previous workers on this investigation.1 Examples 
are given in Part II of this paper, in Fig. 13a for mild 
steel, and Fig. 15a for copper. It can easily be seen 
that the distribution of strain is similar to the distri- 
bution of the maximum shear stress lines for the 
onset of plastic deformation. The latter were plotted 
by Davies.1* This similarity seems to agree with the 
hypothesis that the plastic strain is first initiated 
along the lines of maximum shear stresses. 

From the point of view of the shot-peening opera- 
tion, the main interest lies in the variation in plastic 
strain at right-angles to the surface of the material. 
With single impact by a sphere, this will correspond 
to the distribution of the plastic strain along the 
centre line of the indentation. Such strain distribu- 
tions were measured before,! and an example is shown 
in Fig. 1. Starting from the bottom of the indentation, 
the strain increases to a maximum value e at a depth 
p’, and then decreases gradually as the distance 
from the bottom of the indentation increases. The 
values of e and p’ were found to vary systematically 
with the energy and diameter of the indentor. There 
was no evidence that they also varied appreciably 
with the velocity of impact. Again, the distribution 
of the plastic strain along the line of symmetry of the 
indentation, shown in Fig. 1, is similar in form to 
the corresponding distribution of the maximum shear 
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stress for the onset of plastic deformation (see Davies**). 

From the above observations it seemed reasonable 
to assume that for a semi-infinite block the shape of 
the plastically deformed region below an indentation 
was roughly that of a part of a sphere. The centre 
of that sphere is the point of maximum strain and 
its radius is equal to the distance from that point 
to the edge of the indentation. 

With these assumptions it is possible to obtain a 
relationship between the maximum strain e, its 
penetration, the energy of impact, and the ball 
diameter of the indentor. 

An indentation produced under the above con- 
ditions could be uniquely specified by its chordal 
diameter d and its radius of curvature D/2. Any 
group of indentations possessing the same d/D ratio 
are said to be in a state of complete geometrical 
similarity. In a semi-infinite block of material, such 
indentation would produce geometrically similar 
distribution of strain. 


Relationship between the Maximum Plastic Strain and 
d/D Ratio 

The maximum plastic strain e below the indentation 
will be considered as the ‘ representative strain.’ It 
may be expressed as a function of the d/D ratio in 
the general form 

1\N"s 
é= e(5) ee eevee eeesesene 


where C, and nm, are constants. According to the 
assumptions made for this analysis, C, and n, should 
be the same for all materials, but this is most unlikely 
to be true in practice. 


xiceescsQeey 


Relationship Between Maximum Strain and the d/D 
Ratio 


The penetration p is defined here as the distance 
of the point of maximum plastic strain below the 
flat surface of the material. 

For a group of geometrically similar indentations, 
the ratio p/D is the same for all indentations of the 
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Fig. 2—(a) Piling up and (6) sinking in 


JOURNAL OF THE IRON AND STEEL INSTITUTE 








288 POPE AND MOHAMED: RESIDUAL PLASTIC STRAINS 


same d/D ratio. It is permissible then to assume that 
Oy int 
SS ee 


where C, and n, are constants. 

The values of the constants C;, v5, C4, m, Cz, and 
n, in the equations (13), (14), and (15) can be deter- 
mined experimentally. Any convenient size of ball 
may be used in the experimental work for determining 
these constants for a required range of d/D, and the 
relationships thus obtained should be applicable to 
any combination of ball diameter and energy, pro- 
vided that the values of d/D for the indentations 
produced are within the range covered by the experi- 
ments. 

The maximum plastic strain e and its penetration 
p can be expressed in terms of Z7 and D by substi- 
tuting the value of d/D, given by equation (13), into 
equations (14) and (15), respectively. The general 
forms will be 


ORM. waiesniniaivsisansenscccQle) 
p= Cz,” pb” pupeswtseausgepsasvaness (17) 


where C, C’, n, n’, m, and m’ are constant for the 
material. 


Sinking In and Piling Up 

In the analysis given above it is assumed that no 
piling up or sinking in takes place in the indented 
material. This condition is necessary to ensure com- 
plete geometrical similarity for all materials. Indenta- 
tions showing the piling-up and sinking-in phenomena 
are shown diagrammatically in Figs. 2a and |b, 
respectively. The two indentations have equal 
chordal diameter and radius of curvature. However, 
it is evident from the figure that the actual total 
deformation along the axis of the indentation is 
larger for the sinking-in than for the piling-up indenta- 
tion. So, although the two indentations are of the 
same d/D ratio, the magnitude and the distribution 
of the strain are not the same. The deviation in the 
value of total deformation from the ideal conditions 
can be illustrated in the following manner. 


If 
ni = Total axial deformation for the ideal material 

showing neither piling up nor sinking in 
(this is in fact approximately equal to 
d*/4D) 

Np. 7s = Total axial deformation for piling up and 
sinking in, respectively 

tp, ¥s = Corresponding distances of the rim of the 
indentation from the flat surfaces of the 
material, 


7s is larger than y, gees ratio 
a? 


2 FE ws 
rT ..(18) 
a =" 
4D P 


Norbury and Samuel!* measured the sinking in 
and piling vp of 10-mm. ball Brinell impressions on a 
number of materials. They concluded that the sinking 
in or piling up of the material surrounding the Brinell 
impressions has a constant value for a given material, 
if expressed as a percentage of the measured depth 
of the impression. On the assumption that similar 
conclusions may apply for dynamic indentations, the 
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Fig. 3—High-velocity impact machine 


effect will be allowed for in the experimental values 
obtained for the constants in equations (16) and (17). 


APPARATUS, MATERIAL, AND TECHNIQUE 
Apparatus 

To fulfil the requirements of the present investiga- 
tion, a new impact machine was designed and 
developed. The main specifications considered at the 
design stage were: 

(i) Devices for accurate measurement of the velocity 
of impact, the velocity of rebound, and the 
energy of impact must be incorporated in the 
design 

(ii) Facilities for testing with different ball diameters 
must be provided 

(iii) The machine must be suitable for repeated 
impact tests. 

The general layout of the machine in its final 
working conditions is shown in Fig. 3. The vertical 
shaft (1) is driven through the pulley (2) by a variable- 
speed motor (3). The steel arm (8) and (4) is telescopic, 
the arm (4) sliding in the sleeve (8). When the arm 
(4) is in its inward position, (8) and (4) can rotate 
freely without contacting the specimen (10) or the 
anvil (11). The arm is held in the inner position by 
the catch (5). A segment of a sphere (6) is firmly 
bolted to the free end of the arm and serves as the 
indentor. A trigger mechanism is operated by pulling 
the handle (7) upwards. This operation disengages 
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the drive to the shaft and pushes back the catch (5), 
thus releasing the sliding portion (4) of the arm which, 
by centrifugal force, slides outwards from sleeve (8) 
until it is locked in its fully extended position by the 
collar (9). The arm, now fully extended, rotates freely 
by its own inertia until the indenting head impacts 
the specimen (10) which is held firmly against the 
anvil (11). The arm then rebounds and hits a block 
of lead (12) bolted to the side of the anvil, which 
absorbs the remaining energy. 

The centre of percussion of the rotating parts, when 
the arm is in the fully extended position, is made to 
coincide with the centre of the area of contact between 
the indenting segment and the specimen. This ensures 
that the reactions on the bearings of the machine will 
be zero during impact and that the whole energy of 
impact is given to the specimen and anvil. 

Five of the hard steel segments (6) are made out 
of ball-bearing balls of dia. 1} in., 14 in., 1? in., 2 in., 
and 2} in. They are interchangeable, and when they 
are fitted their weights are adjusted to equal that of 
the 2}-in. dia. segment. This is done by adding the 
required weights to the back of the impacting head. 

The machine proper and the anvil are bolted firmly 
to a heavy reinforced concrete foundation. 

Recording Impact and Rebound Velocities—The 
drum (15) in Fig. 3 is used in recording the velocities 
of impact and rebound. It is driven at a constant 
speed of 2950 r.p.m. by the electric motor (16). The 
outside surface of the drum is blackened by soot 
from a candle flame. During the approach towards 
the specimen and the rebound of the arm, the pointed 
end of the spring-loaded plunger (14) scribes against 
the surface of the drum. From the slopes of the 
lines thus recorded, the velocity of impact and 
rebound of the impacting head can be calculated. 
The maximum speed of rotation of the machine is 
approx. 1100 r.p.m., producing a velocity of impact 
of about 62 ft./sec. At speeds of rotation less than 
about 200 r.p.m. the centrifugal force of the sliding 
arm was insufficient to cause it to slide out to its 
fully extended position. Thus the lowest velocity of 
impact is about 10 ft./sec. 


Materials Used 

An annealed mild steel and an arsenic-free copper 
were used for testing; 24-in. wide mild-steel specimens 
and 2-in. wide copper specimens were sawn off from 
slabs of 3 in. x 1 in. cross-section. The mild steel 
specimens were annealed and then surface-ground to 
remove the decarburized layer. The copper specimens 
were surface-ground, annealed, and then lightly 
polished. The composition, %, of the metals was as 
follows: 


Mild Steel Copper 
C, by combustion 0-20 Cd faint traces 0-005 
Si 0-15 Sn traces 0-01 
Ss 0-037 Ag faint traces 0-005 
= 0-029 Ni traces 0-01 
Mn 0-67 Bi very faint traces 0-002 
Ni 0-125 Mn faint traces 0-005 
Cr traces, approx. 0:03 Sb A 5 0-005 
Mo ro cS 0:01-0:02 Pb traces 0-01 
Fe Balance As 0-02 
Fe Present 
Cu Balance 
JULY, 1955 
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Experimental Technique 
For testing, the specimen was bolted firmly against 
the surface of the anvil and the segment of the 
required ball diameter was fitted to the impact head 
of the sliding arm of the machine. The motor driving 
the recording drum was switched on, and the speed 
of the motor driving the machine was adjusted to 
produce the required velocity of impact. When this 
had been obtained the driving motor was declutched 
and the sliding arm was released by raising lever (7) 
of Fig. 3. After the impact had taken place, both 
motors were switched off and measurements of velocity 
were taken from the recording drum. The specimen 
was then removed from the machine and the diameter 
of the indentation was measured along two per- 
pendicular axes, after which the specimen was 
sectioned by hand sawing and one of the sectioned 
surfaces was surface-ground according to the following 
procedure: 
in. in. 

0-008 in 4 passes at 0-002 per pass 

0:006 ,,6 ., ., 0-001 Rigo 

0:004 , 8  ,, » 0°0005 35, 5s 

0-002 ,, 8 > 0:00025 ,, 55 


Total 0-020 ,,26 ,, 

During the process of grinding, a stream of coolant 
was constantly directed at the specimen to prevent 
any heating effects. The position of initial sectioning 
was such that, when the grinding operations had been 
completed, the plane of the sections passed through 
the centre of the indentation and was normal to the 
impact surface of the specimen. 
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After grinding, hardness measurements were made 
along the line of symmetry of the indentation, and 
at the corners farthest away from the indentation. 
This latter measurement was taken to represent the 
the hardness of the unstrained metal. A 5-kg. load 
was used for the Vickers hardness tests. For mild 
steel, impressions were made at 0-030-in. intervals 
below the bottom of the indentation to a distance of 
0-21 in., and then at intervals of 0-050 in. to a 
distance nearest to 0-50 in. For copper specimens, 
the impressions were made at 0-040-in. spacing to 
a distance of 0-5 in. The spacing of the hardness 
impressions was increased in the case of copper 
because of the larger size of the hardness impressions. 


Hardness/Strain Relationships 


The following method was used to obtain the 
hardness/strain relationships for the metals used. 

A number of short cylindrical compression speci- 
mens of ] in. dia. and 1-25 in. long were made of the 
same materials used in the impact tests. These 
specimens were compressed by various amounts be- 
tween well lubricated platens. The load in each case was 
recorded and the true strain (log-strain) determined. 

To simulate the conditions in the treatment of the 
impact specimens, the compressed test pieces were 
slit into halves along their axis of compression. A 
hardness determination was then carried out for all 
test pieces using the 5-kg. load. The percentage 
hardness increase over the hardness of the unstrained 


material was determined and plotted against the true 
strain, as is shown in Figs. 4a and 6. 

If it is assumed, as a first approximation, that 
work-hardening effects, due to the ‘ representative 
strains ’ during spherical impact, are similar to those 
produced by axial compression, it is then- possible 
to use the curves in Fig. 4 to determine the values 
of the representative strains below the indentations. 


Testing 

The aims of the tests contained in this part are to 
verify the theoretical relationships developed and to 
determine the values of the constants in equations 
(13), (14), and (15). The tests were designed to cover 
as wide a range of d/D ratios as possible. 

In this programme of testing, the effect of velocity 
is ignored. This decision seems justified by the results 
of the previous investigation,! and from preliminary 
tests with the present impact machine. 

Three main series of tests were made with each 
metal using the 1}-in., 1?-in., and 2}-in. ball diameters. 
The individual tests of each series were made at 
successively increasing energy by increasing the 
velocity of impacts. Examples of the results for 
hardness variation below the indentations in the 
series of tests using the 1?-in. dia. ball are shown in 
Figs. 5a and b for mild steel and copper, respectively. 

Several other tests on mild steel using the ball 
diameters just mentioned, as well as the 1}-in. and 
2-in., were also made. The more important results 
are tabulated in Appendix IT. 
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Fig. 6—Log (Er/D*) v. log (d/D) 


APPLICATION OF RESULTS TO THEORY 
Figures 6a and 6b show log (H7/D*) plotted against 
log (d/D) for mild steel and copper, respectively. The 
experimental points indicate straight-line relation- 
ships with remarkably little scatter. The method of 
least squares was used in plotting the straight lines 
shown, and the following relationships were derived: 


For mild steel Ea = 39 240(5, y" Ib./sq. in (19) 

Di 240( joq. im. ...... g 

jin slats 030( : " Ib. /sq. in (20) 
Di j D a ee 

These relationships are plotted on linear axes in 


Fig. 7. 

From the theoretical analysis, it may be seen that 
the index n; in equation (13) is equal to (n, + 4), 
and that the value of , in equation (8) is equal to 
(,.Mo.n3). In that analysis the representative strain e’ 
of the indentation was taken as the strain at its edge, 
as suggested by Tabor,!* who also showed that the 
values of the indices n, in equation (4) and n, in 
equation (5) are almost unity. It follows then that 
N4 == Nz, which is the stress/strain index. For copper, 
n, is 0-6, as can be seen from equation (19), and the 
value of the stress/strain index n, in equation (6), 
as derived from the true-stress/logarithmic-strain 
curve of Fig. 4b, is almost 0-4. For mild steel, n, of 
equation (8) is 0-18, as can be seen from equation (20), 
and ms, from Fig. 4a, is nearly 0-25. It is probable 
that the values of n, may be considered as an indica- 
tion of the capacity of the metal for strain hardening 
under dynamic conditions. The corresponding con- 
clusions in the case of static indentation were first 
derived by Meyer.* He showed that: ‘load on ball 
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indentor ’ = constant x d”, and the view that n,, or 
(n, — ,) is a measure of the capacity of the material 
for strain hardening is now thoroughly established.?: !7 
Maximum Strain and d/D Ratio 

The maximum plastic strain e corresponding to the 
maximum increase in hardness below the indentation 
was determined from the hardness/strain relationships 
shown in Fig. 4. Log eis then plotted against log (d/D), 
as shown in Fig. 8a and b, for mild steel and copper, 
respectively. This can only be considered as an 
approximate relationship since the stress pattern 
under an indent is different from that produced in a 
compression test. In addition, the hardness/strain 
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relationship for static loading may not be the same 
as that for dynamic loading. Figure 8a shows a fair 
amount of scatter for mild steel; the line for copper, 
however, is quite good. 

The straight lines are determined by applying the 
method of least squares. From these curves the 
maximum strain can then be expressed in terms of 
the d/D ratio according to the following equations: 


1:7 

For mild steel e = 0-53(5) j MeapESEsabeoseneeccaces en? 
2-21 

For copper ¢= 1-63(5,) pEdie pa saabuyessrsiceces- Mee? 


These relationships are plotted in Fig. 9, from which 
it is seen that for the same d/D ratio, the strain e 
is larger for copper than for mild steel. The difference 
between the two curves tends to increase with the 
increase in the d/D ratio. 

It has been shown that for the same size of indenta- 
tion, in a sinking-in indentation, the total axial 
deformation 7, is larger than the corresponding 7, 
for piling-up indentation. This may account for the 
larger maximum strain in copper than in mild steel, 
copper exhibiting the sinking-in and mild steel the 
piling-up phenomenon. 

Penetration of Maximum Strain (p) and d/D Ratio 

In a similar manner as before, log (p/D) was plotted 
against log (d/D), as shown in Figs. 10a and b for 
mild steel and copper, respectively. Linear relation- 
ships are evident, the equations derived being 
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These relationships are shown in Fig. 11, which shows 
that both curves could roughly be represented by 
straight lines passing through the origin. The curve 
of copper lies above that of mild steel, the difference 
between the curves increasing with the increase in 
the d/D ratio. This is thought to be due to the 
difference in the strain-hardening properties of the 
two metals. 
Maximum Plastic Strain and its Penetration in Terms 
of Energy and Ball Diameter 

Energy and ball diameter, maximum plastic strain, 

and the penetration of that strain have been expressed 
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eoll4 20-45 12-6 Under the conditions of single dynamic impact, the 
7 p> pa an total energy Hz, ball diameter D, maximum strain 
_ 999 7 “NO V2 207 sist below the indentation e, and its penetration p below 
3 ; \ | the flat surface of the material, relating to an indenta- 
= Pa —— tion diameter d, can be expressed in terms of the 
ail ) 2°17 3 d/D ratio in the general forms: 
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NUMBER OF IMPACTS This part contains the results of tests on repeated 
Fig. 12—Repeated impact on mild steel impact of the same spot. The variables to be studied 





are the velocity, the energy per blow, and the diameter 


in terms of the dimensionless ratio d/D. By substitu- of the indentor. Their effects on the maximum plastic 
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variation in hardness below the indentation after 1, 
2, 3, 4, 5, 10, 20, and 40 impacts. 

In a second series of tests an average velocity of 
16-36 ft./sec. was used so that by comparison with 
the first series the effect of velocity of impact could 
be investigated. The same ball diameter and energy 
per blow as in the first series were used. 

A third series of tests was undertaken to examine, 
by comparison with the first series, the effect of the 
energy per blow. The same ball diameter and velocity 
of impact as in the first series were used, but the 
average energy per blow was 20-2 ft.lb. 

The object of the final series of tests was to examine 
the effect of ball diameter by comparison with the 
first series. The same velocity of impact and total 
energy per blow as in the first series were used with 
the 2}-in. dia. ball. 

In each of the second, third, and fourth series, five 
specimens were examined for hardness variation after 
1, 5, 10, 20, and 40 impacts. The results of all four 
series of tests, relating to the maximum increase in 
hardness and its penetration below the flat surface of 
the specimens, were plotted against the number of 
impacts, as shown in Fig. 12. 

The spreading of the plastically deformed region 
with the increase in the number of impacts is shown 
in Fig. 13. The plastic region tends to spread further 
beyond the rim of the indentation rather than deeper 
into the metal. Greater piling up of the metal at the 
edge of the indentation occurred with repeated impact. 

In Fig. 12 the curves for the maximum values of 
hardness increase show in all cases a sharp increase 
up to about 10 impacts. The values decrease after- 
wards and reach a minimum at about 20 impacts, 
followed by a slight increase up to 40 impacts. The 
curves for penetration show a decrease to a minimum 
value at about 10 impacts except in the case of the 
tests with the 2}-in. dia. ball where the minimum is 
at 20 impacts. The penetration afterwards increases 
gradually with the number of impacts. 

The above results indicate that certain layers below 
the indentations undergo an amount of * softening.’ 
The phenomenon of softening of metals during cold 
working has been investigated by Polakowski.1* He 
experimented with steels and non-ferrous metals 
initially overstrained by tension, torsion, or drawing, 
and then progressively compressed them in a direction 
opposite to that of the initial flow. He observed in 
each case an initial gradual decrease of the indentation 
hardness (by amounts up to 10%) before it increased. 
He also observed that this is more pronounced in 
higher-carbon steels. Softening then could be due to 
a change in the direction of straining. The softening 
in the case of repeated impact on mild steel was 
taken to indicate that the recovery strains after the 
impact caused plastic deformations in certain sections 
of the metal which resulted in a reduction of its 
resulting hardness. 


Effect of Velocity of Impact 

The effect of the velocity of impact on the maximum 
increase in hardness is shown in Fig. 12 by the curves 
(1) and (3) representing the results of tests at impact 
velocities of 20-45 ft./sec. and 16-36 ft./sec., respec- 
tively. The curves are similar in shape, with curve (1) 
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slightly above curve (3). The corresponding curves 
for penetration (2) and (4) also show a slight difference. 
The variation in both cases is too small to be considered 
significant. 
Effect of Energy per Blow 

The effect of the energy of impact per blow is shown 
in Fig. 12 by the curves (1) and (5) for the maximum 
increase in hardness and curves (2) and (6) for the 
penetration. The maximum increase in hardness is 
shown to increase with the increase in the energy per 
blow, and except for the case of 10 impacts, its 
penetration also increases. 


Effect of Ball Diameter 

The effect of the ball diameter is shown in Fig. 12 
by the curves (1) and (7) for the maximum increase 
in hardness, and curves (2) and (8) for penetration. 
The maximum increase in hardness decreases and the 
penetration increases with increase of ball diameter. 


TESTS ON COPPER 


With the tests carried out on copper the effect of 
velocity of impact was assumed to have little effect. 
In the first two series of tests, which examined the 
effect of the energy per blow, the ball diameter was 
kept the same and the energy per blow increased by 
increasing the velocity of impact. A 1}-in. dia. ball 
was used and the energy per blow was 3-72 ft.lb. at 
a velocity of 11-1 ft./sec. for the first series and 8-36 
ft.lb. at a velocity of 16-65 ft./sec. for the second 
series. 

In a third series of tests the effect of the ball 
diameter was examined by comparison with the first 
series. In this case a 1#-in. dia. ball was used at the 
same energy per blow and velocity of impact as in 
the first series. 


JULY, 1955 





ia 


MISTANICE INKITG METAI 


ha 
sti 
sti 


we 


PENETRATION p, in. 


u 


> 


2 


7es 
ce. 
‘ed 


wn 
im 


1s 
yer 
its 


12 
use 
m. 
he 
er. 


"st 





POPE AND MOHAMED: RESIDUAL PLASTIC STRAINS 295 


t. geO-543 iin. 
























c 
or 
< 
w 
= 
O 
= 
oe) 
U 
z= 
< 
— 
WY 
Oo 
Ob; 
D=1¥4in. 
; v= 16°65 ft.jsec. | 
| E,/ blow= 8-36 ft.lb. | 
‘. € : w ~ > - — ~-A ~t _ 
os O02 O3 oF O35 C > O2 D3 14 5 26 


oO Ol 02 O3 04 O50 Ol 


DISTANCE BEYOND RIM OF INDENTATION, in. 


Fig. 15—Hardness survey of copper for (a) single impact, (6) 10 impacts, (c) 40 impacts 


The hardness variation below indentations impacted 
1, 5, 10, 20, and 40 times in each of the three series 
was measured. The results showing the maximum 
increase in hardness and its penetration plotted against 
the number of impacts are given in Fig. 14. 

Complete hardness surveys of the metal under the 
indentations were carried out in the case of 1, 10, and 
40 impacts of the second series. The results are shown 
here in Figs. 15a, b, and c, respectively. 

From Figs. 14 and 15 it can be seen that the 
behaviour of copper is different in certain respects 
from that of mild steel. The complete hardness surveys 
(Fig. 15) show that, as the number of impacts is 
increased, the plastic region tends to spread further 
into the metal as well as beyond the rim of the indent. 

Figure 14 shows the maximum hardness and its 
penetration below the flat surface of the specimen, 
plotted against the number of impacts. It will be 
seen that no ‘ softening ’ takes place. Curves (1), (3), 
and (5) show a sharp rise in the value of the maximum 
increase in hardness up to about five impacts, then 
a gradual increase up to 40 impacts. Curves (2), (4), 
and (6), showing the variation of the penetration with 
number of impacts, show no consistent trends and 
no conclusions can be drawn. 

In general, the effects of varying the energy per 
blow and ball diameter on the maximum increase in 
hardness and its penetration, are similar to those 
obtained for mild steel. 


CONCLUSIONS 
(1) The variations in the maximum increase in 
hardness (corresponding to the maximum plastic 
strain) and its penetration depend mainly on the 
strain-hardening capacity of the metal. 
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(2) The effect of the velocity of impact (studied for 
mild steel only) is too small to be considered signifi- 
cant. 

(3) For the same number of impacts, the effect of 
increasing the energy per blow is to increase the 
maximum increase in hardness and its penetration, 

(4) For the same number of impacts, the effect 
of increasing the ball diameter is to decrease the 
maximum increase in hardness and to increase its 
penetration. 
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Fig. 16—Impact specimens 
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Fig. 17—Hardness distributions (a) varying angle «, 
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Fig. 19—Variation in penetration 
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APPENDIX I 
Strain Distribution Due to Oblique Spherical 
Impact 


To obtain impact on an oblique surface using the 
high-velocity impact machine shown in Fig. 3, a 
number of wedge-shaped specimens of the form shown 
in Fig. 16 were manufactured, the angle « being varied 
from one batch of specimens to the next. The material 
tested was mild steel and the specimens were cut from 
a 2-in. thick plate, the thickness of the plate being 
in the direction of the ‘a’ dimension (see Fig. 16). 
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The experimental programme consisted of two series 
of tests. In the first series the ball diameter (2} in.), 
velocity, and energy of impact were kept constant, 
and the angle of impact « was varied. In the second 
series the angle, velocity, and energy of impact were 
kept constant, and the ball diameter was varied. 

The accuracy of these experiments is somewhat 
limited because with oblique impact there is induced 
during impact a considerable axial force along the 
arm and therefore rather more energy will be given 
to the machine than was the case for normal impact. 
Also, whatever the obliquity of the impacted surface, 
the ball rebounds in the direction of the velocity of 
approach, and not at an angle as would be the case 
with the impact of a ‘free’ sphere on the surface. 
Furthermore, the indent obtained was an ellipse and 
for this reason it was pointless to endeavour to obtain 
experimental relationships involving the d/D ratio. 

Figures 17a and 6 show the variation of hardness 
below the indent in a direction parallel to the direction 
of impact for variable angles of impact and variable 
ball diameters, respectively. 

When the angle of impact was varied, all other 
quantities being kept constant, the angle of impact 
had no effect upon the maximum deformation pro- 
duced below the surface (see Fig. 18). The penetration 
p of the point of maximum deformation varied 
markedly with the angle of impact, decreasing in 
value from 0-13 in. for normal impact (« = 0°) to 
0-085 in. when « was greater than 20° (see Fig. 19). 
The reason for the minimum value of p between 
a = 5° and « = 10° is difficult to understand. 

Figure 20 shows the variation in maximum deforma- 
tion and its depth p below the surface with ball 
diameter for % = 30°. 

The trend of these curves is similar to, although 
more marked than, those obtained for normal impact. 
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APPENDIX II 


RESULTS FOR SINGLE IMPACT ON 1-in. THICK 
MILD STEEL AND 1-in. THICK COPPER 





Ball Dia. Velocity Energy d Maximum p 
D, v, Er Strain 
in. ft./sec. ft. Ib. D e 





Single Impact on 1-in. thick Mild Steel 
1} 7 








10. 3-28 0-164 0-018 | 0-042 
12-65 4-82 0-184 0-023 0-056 
18-15 9.94 0-211 0-033 0-065 
20-3 12-43 0-224 0-040 0.069 
22-6 15-41 0-236 0-045 0-073 
25-6 19.77 0-247 0-058 0-072 
27-4 22-65 0-259 0-067 0-077 
34-8 36-56 0-289 0.065 0-085 
41.9 52-98 0-319 0.093 0-093 
1} 10-8 3-52 0-131 00-0175 0-046 
14.3 6-17 0-148 0-019 0-050 
16-8 8-52 0-163 0-023 0-053 
19-1 11-01 | 0-174 0-028 0-056 
22-25 14-94 0-186 0-029 0-060 
25-75 20-01 0-198 0-034 0-064 
27-75 23-34. «0-206 | 0-035 0-067 
32-15 31-19 | 0-223 0.0395 0-070 
36-2 39-55 0-236 0-041 0-074 
40-6 49-75 0-247 0-067 | 0-079 
2} 10-4 3-27. 0-103 0-011 0-036 
14-17 6-06 0-120 0-019 0-043 
20-53 12-72 0-146 0.024 | 0-049 
27-06 22-10 0-170 + -0-0265 0-055 
35-10 37-19 0-190 0-036 | 0-062 
40-6 49-75 | 0-204 0-051 0-066 
1} 19.95 13-85 0-227 0-037 0-067 
20-50 15-8 0-242 0-036 0-074 
20-4 17-4. 0-247 0-053 —-0-075 
21-6 22-0 0-259 0-060 0-081 
it 41-0 50-7 0-313 0-076 0-093 
14+ 40-0 48-28 | 0-277 0-057 0-079 
13+ 40-2 48-77 0-246, 0-046 0-072 | 
2+ 40-2 48-77 0-221 0-047 | 0-064 | 
21+ 40-5 49-5 0-202 0-034 | 0-068 
Single Impact on l1-in. thick Copper ¢ 
1} 10-49 -32 | 0-246 6.070 | 0-103 
16-42 8-14 0-298 0.094 0-118 
21-97. 14-57 | 0-336 0-162 | 0-140 
28-33 24-22 0-378 «0-196 0-155 
34-84 36-64 0-414 0-242 | 0-170 
41-45 51-86 0-451 0-266 0-179 
1} | 11-07. 3-7 0-206 | 0-066 = 0-09 
17-48 9-22 | 0-247, 0-073 0-101 
25-30 19-32 0-289 0-112 0-112 
32-39 | 31-67 0-321 0-138 | 0-126 
41-24 | 51-34 0-359 0-178 | 0-140 
2} 10-94 3-60 0-171 0-034 | 0-069 
17-00 8-72 0-206 0-046 | 0-082 
21-73 14-25 0-228 0-049 + 0-093 
28-33 24-22 | 0-254 «:0-077_/| 0-101 
34-15 35-20 0-278 0-096 | 0-108 
41-25 | 51-34 0-304 0-112 | 0-121 











* Tests at approx. constant velocity with D constant 

Tt Of ” ” ” » 9 Variable 

t Only three series of tests, each with a different ball diameter, 
were carried out, all tests being at variable velocity and energy 
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Honorary Members 

At the opening Plenary Session of the British Section 
of the Joint Metallurgical Societies’ Meeting, held in 
London on Ist June, 1955, the President, Sir Charles 
Bruce-Gardner, announced that the following had been 
elected to be Honorary Members of The Iron and Steel 
Institute: 

Dr. Howarp Brers, Member of the American and 
European Committees 

Mr. Witx1AM H. Ersenman, Secretary of the American 
Society for Metals 

Dr. E. O. KirKENDALL, Secretary of the American 
Institute of Mining and Metallurgical Engineers. 

Citations will be printed in a later issue of the Journal. 
Joint Metallurgical Societies’ Meeting in 

Europe, 1955 

The first section of the Meeting was held in the United 
Kingdom from Ist to 7th June, 1955. Following the 
Opening Plenary Session and meetings of technical 
Discussion Groups in London, tours were arranged to 
industrial districts. An account will be printed in a later 
issue of the Journal. (Full details of the programme 
were given in the June issue of the Journal, pp. 201-204.) 


Hatfield Memorial Lecture 

Dr. E. C. Barn, Vice-President for Research and 
Technology of the United States Steel Corporation, has 
agreed to deliver the Eighth Hatfield Memorial Lecture 
in Sheffield on Monday, 17th October, 1955. The invita- 
tion is issued by the University of Sheffield, on the 
recommendation of the Lecture Committee which consists 
of representatives of the Royal Society, The Iron and 
Steel Institute, and the University. Further details will 
be given in a later issue of the Journal. 


NEWS OF MEMBERS 


Birthday Honours 
> Mr. R. M. SHone, C.B.E., an Executive Member of 
the Iron and Steel Board, has been created a Knight 
Bachelor. 


> Mr. E. N. ALLBESON has left the Dominion Engineering 
Co. of Lachine, Canada, and has returned to the U.K. 
to join the Brightside Foundry and Engineering Co., Ltd. 
> Mr. G. R. Botsover has retired from his appointment 
as Director and Consulting Metallurgist of Samuel Fox 
and Co., Ltd. 

> Mr. S. J. CLARKE has been appointed District Manager 
at the Manchester Office of the British Thomson-Houston 
Co., Ltd. 

> Professor A. H. CoTrrett has relinquished the Chair in 
Physical Metallurgy at the University of Birmingham 
to become Deputy Head of the Metallurgy Division at 
the Atomic Energy Research Establishment, Harwell. 
> Mr. J. Crisp has left the University of Birmingham, 
and has become an Instructor Lieutenant at the Royal 
Naval Engineering College, Plymouth. 
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> Mr. J. L. GASKELL has been appointed a Director of 
the Appleby-Frodingham Steel Company. 

> Sir CHARLES GOoDEVE, O.B.E., F.R.S., Director of 
the British Iron and Steel Research Association, has been 
elected Vice-Chairman of the Parliamentary and Scientific 
Committee. 

> Mr. F. A. Hurst, Chairman and Managing Director 
of Samuel Osborn and Co., Ltd., has been elected 
President of the Sheffield Chamber of Commerce. 

> Mr. O. InMAN has retired from his position as Director 
of Developments to Samuel Fox and Co., Ltd. He will 
remain a member of the Board of Directors, however, 
and will act as an engineering consultant to the Company. 
> Mr. Davin I. Krne has relinquished his appointment 
as Editor of The British Steelmaker, and has joined The 
United Steel Companies Ltd., as Technical Press Officer. 
> Dr. A. B. K1nzEt has been elected Vice-President for 
Research of the Union Carbide and Carbon Corporation. 
> Mr. J. O. Lay has left the Metallurgy Division of 
B.I.S.R.A. to join Burndept Ltd. 

> Dr. G. Lucas has been awarded the Saville Shaw Medal 
of the Newecastle-on-Tyne Section of the Society of 
Chemical Industry. ; 

> Mr. H. Natuorst has left Sandvikens Jernverks AB 
to become a Director of AB Kanthal, Hallstahammar, 
Sweden. 

> Dr. L. B. Prem, O.B.E., F.R.S., has relinquished the 
Managership of the Development and Research Depart- 
ment of the Mond Nickel Co., Ltd., in order to devote 
himself more fully to directorship responsibilities. He 
is succeeded by Mr. F. Dickinson. 

> Mr. F. Prckwortu and Dr. C. J. DADSWELL have been 
appointed Chairman and Managing Director respectively 
of Davis and Lloyd (1955) Ltd., a new wholly-owned 
subsidiary of the English Steel Corporation Ltd. 

> Mr. R. D. Pottarp has been appointed a Director and 
Chief Metallurgist of Samuel Fox and Co., Ltd. 

> Mr. B. V. PRABHU is undergoing practical training with 
Westfalenhiitte A.G., Dortmund, under scholarships 
granted by the Government of India and the J. N. Tata 
indowment. 

> Mr. J. A. REAVELL, Chairman of Kestner Evaporator 
and Engineering Co., Ltd., has opened the new J. Arthur 
Reavell Laboratory for Chemical Engineering at the 
University of Witwatersrand, Johannesburg, S. Africa. 
> Mr. J. RENOUPREZ has been appointed Works Manager 
of John Mountford and Co.,'Ltd., Manchester. i 

> Mr. N. Riptey has left the Department of Metallurgy 
at King’s College, University of Durham, to become 
Lecturer in Metallurgy at the Sheffield College of 
Technology. 

> Mr. D. E. Rupatt has become a Technical Assistant 
in the Coke Oven Section of the Steel Co. of Wales, Ltd., 
Port Talbot. 

> Mr. M. B. SHanxar has left the U.S.A. for India, 
where he has joined the Ministry of Works, Housing, and 
Supply. 

> Mr. W. A. Smirtu has transferred from the Corby Works 
of Stewarts and Lloyds Ltd. to the Tolleross Works, 
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Glasgow, where he has been appointed Works Manager 
of the Steel Foundry. 

> Mr. W. SoMERVILLE has left the Wellman Smith Owen 
Engineering Corporation Ltd., to join Priest Furnaces 
Ltd., Middlesbrough. 

> Mr. J. V. STEPHENS has been appointed Superintendent 
of the Cold Sheet Mill at the Ebbw Vale Works of Richard 
Thomas and Baldwins Ltd. 

> Mr. A. Strr“iNG has been appointed General Manager 
of the Central Iron and Steel Works’ Office of Stewarts 
and Lloyds Ltd. 

> Mr. B. THoRNTON and Mr. H. Brown, C.B.E., have 
formed a new company, Ben Thornton and Partners 
Ltd. The company, which will act as engineers, con- 
tractors, and agents, will deal with welding of all types, 
the erection of plant, and the manufacture of equipment 
for various industries. 


> Mr. P. W. A. Woop, General Managing Director of 


Tubemakers of Australia Ltd., has been elected a Director 
of Stewarts and Lloyds Ltd. 

> Professor Howarp K. WornNER of the Metallurgy 
Department of the University of Melbourne has been 


elected Federal President of the Australian Institute of 


Metals. 
Obituary 

Mr. J. E. BERGMANN, of Stewarts and Lloyds Ltd., 
Corby, on 20th May, 1955. 

Mr. J. Stpney Hampton, Director and General 
Manager of Davy and United Roll Foundry Ltd., on 
5th May, 1955. 

Mr. E. SEALEY, of Oldbury, Birmingham, in November, 
1954. 

Mr. J. H. Toomas, of Hampstead, London, N.W.3. 


CONTRIBUTORS TO THE JOURNAL 


John F. Stanners, B.Sc.—Senior Scientific Officer in 
the Corrosion Section of the Chemistry Department, 
British Iron and Steel Research Association. 

Mr. Stanners was born in 1922, and was educated at 
the Royal Grammar School, High Wycombe, and at 
Birkbeck College, London. He was awarded the degree 
of B.Sc. (Special) in Chemistry in 1944. From 1940 until 
1945 Mr. Stanners was engaged in work on the measure- 
ment of radioactivity in the Research Laboratories of 
Thorium Ltd. (now the Radiochemical Centre) at 
Amersham. He then joined the Corrosion Committee 
of The Iron and Steel Institute, and was transferred to 
the newly-formed British Iron and Steel Research 
Association in the following year. 

Charles Burns, B.Se.—On the staff of the Instruments 
Section of the Physics Department, British Iron and 
Steel Research Association. 

Mr. Burns was awarded 
the degree of B.Sc. with 
Ist Class Honours in Pure 
Physics at Aberdeen Univer- 
sity in 1940. During the 
remainder of the war he 
worked with the Admiralty 
Signal Establishment on 
radio, radar, and naviga- 
tional aids to aircraft. He 
joined B.I.S.R.A. in 1947 
where he has been working 
on instrument development 
for research purposes and 
for industry. This work has 

when included several applications 
of optical methods, such as measurements on the combus- 
tion zone of blast-furnaces by high-speed stereoscopic 
films, and the B.I.S.R.A. furnace-scanning periscope. 
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P. D. Dickerson H. G. Jones 


P. D. Dickerson, B.A.—Technical Assistant in the 
Operational Research Department of the Steel Company 
of Wales Ltd., Port Talbot. 

Mr. Dickerson was born in 1930, and gained a 2nd Class 
Honours degree in Modern Languages at Oriel College, 
Oxford. He then served with H.M. Forces, holding a 
commission in the Royal Artillery, before joining the 
Steel Company of Wales in 1953. 

H. G. Jones, B.Sc.(Eng.), M.A., M.Sc., M.Inst.F. 
Manager of the Operational Department, Steel Company 
of Wales Ltd., Port Talbot. 

Mr. Jones was awarded the Top Denbighshire County 
Scholarship to University College, Bangor, where he 
graduated with Ist Class Honours in Physics and became 
the Muriel Edwards Prizeman as the best science student 
of the year. He was later awarded the degrees of M.Sc. 
in Physics, M.A. in the Teaching of Mathematics, and an 
Honours degree (2nd) in Engineering. 

During the Second World War Mr. Jones was employed 
as a Shop Manager on the Engineering Staff of the Royal 
Ordnance Explosives and Chemical Factory at Wrexham. 
He then spent six years with Pilkington Bros., Ltd., at 
St. Helens and at Pontypool, engaged in a variety of 
technical activities, before joining the Steel Company 
of Wales Ltd. in 1952 to initiate the Operational Research 
Department. 


BRITISH IRON AND STEEL RESEARCH 
ASSOCIATION 
Annual Report 

The Council of the British Iron and Steel Research 
Association has presented its Eleventh Annual Report, 
for the year ended 31st December, 1954. 

The Report, which is well illustrated, includes full 
details of the work undertaken during the year by each 
of the Divisions and Departments, together with a list 
of the reports issued during the year. 


New Consultant 

Sir GEOFFREY Taytor, F.R.S., of the Cavendish 
Laboratory, Cambridge, has been appointed consultant 
to B.I.S.R.A., specifically to advise on fluid dynamics 
and the deformation of metals. During his appointment, 
which will last for two years as from Ist May, 1955, 
Sir Geoffrey will be attached formally to the Physics 
Department, but it is hoped that his wide knowledge 
and experience will be of use to other departments. 


NEWS OF SCIENCE AND INDUSTRY 


Course on Fatigue of Metals—Nottingham 

A week’s residential course on the fatigue of metals 
is to be held at the University of Nottingham from 
12th to 16th September, 1955. The course has been 


organized by a joint committee of industry and the 
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engineering departments of the University, under the 
chairmanship of Mr. G. Forrest; it is intended to present 
the known facts concerning the fatigue of metals to the 
practising engineer, and, although no formal academic 
qualifications are required, it is assumed that those 
attending the course will possess either a degree or a 
Higher National Certificate in engineering or science. 
The lectures and discussions during the course will be 
grouped under the following six subjects: Fundamentals 
of fatigue; fatigue properties of steels and cast iron; 
fatigue properties of non-ferrous alloys; corrosion fatigue 
and fretting corrosion; fatigue of aircraft; fatigue testing. 
All enquiries regarding the course should be addressed 
to the Secretary, Fatigue of Metals Course, Departments 
of Civil and Mechanical Engineering, University of 
Nottingham, University Park, Nottingham. Applica- 
tions for admission to the course must be received by 
the Secretary not later than 27th August, 1955. Resi- 
dential accommodation for 100 people will be provided 
in Hugh Stewart Hall, situated in University Park, where 
the course is to be held. 
Fuel Efficiency Refresher Course—Oxford 
A residential refresher course on current practice in 
fuel efficiency will be held at the Clarendon Laboratory, 
Oxford, on 26th-80th September. The course, which is 
intended for works and plant engineers, will be divided 
into fifteen sessions, and the programme will also include 
a works visit. It is being held under the auspices of the 
National Industrial Fuel Efficiency Service in con- 
junction with the Southern Regional Council for Further 
Education. Further information is available from the 
Secretary of the Course, Mr. E. 8. Watkin, at Ailsa 
House, 181 Kings Road, Reading, Berks. 
Behaviour of Materials at Elevated Temperatures 
“The Behaviour of Materials at Elevated Tempera- 
tures ”’ will be the subject of a special summer programme 
lasting two weeks, to be held at the Massachusetts 
Institute of Technology. Subjects to be discussed at the 
meeting, which will be held on 11th-22nd July, will 
include deformation processes at high temperatures, 
strength of materials, recrystallization, cold and warm 
working of materials, etc. 
Engineering, Marine, and Welding Exhibition—London 
The next of this series of exhibitions will be held at 
Olympia, London, W.14, on 1st-15th September, 1955. 
As in previous years, the organizers, F. W. Bridges 
and Sons, Ltd., have extended to all Members of The 
Iron and Steel Institute an invitation to visit the 
Exhibition. Requests for complimentary tickets should 
be made to the Secretary at 4 Grosvenor Gardens, 
London, 8.W.1. 


Documentation of Applied Chemistry—London 

The first International Congress on Documentation of 
Applied Chemistry will be held in London from 22nd to 
25th November, 1955. The meetings will be held in the 
Lecture Theatre of the Institut Francais du Royaume 
Uni, Queensberry Place, South Kensington, London, 
S.W.7, and an exhibition of books and apparatus will 
also be held in conjunction with the Congress. 

Further particulars of the programme, etc., and 
applications for membership are available from the 
Honorary Secretary of the Congress at 56 Victoria Street, 
London, 8.W.1. 


Symposium on Reactivity of Solids—Madrid 

An International Symposium on the Reactivity of 
Solids will be organized in the spring of 1956 by the 
Instituto de Edafologia y Finolojia Vegetal. Further 
details of the Symposium, which is to be held in Madrid, 
will be given in a later issue of the Journal. 
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Conference in London on Fatigue of Metals 

An International Conference on the Fatigue of Metals 
is to be arranged by the Council of the Institution of 
Mechanical Engineers in London in 1956. The dates of 
the Conference will be Monday to Friday, 10th to 14th 
September, and sessions will be held on those days from 
10.0 a.m. to 12.30 p.m. and from 2.30 to 5.30 P.m. 

It is hoped that up to 60 papers will be available for 
discussion. They will be presented in abstract form by 
rapporteurs and will be divided into the following groups: 
Stress effects; effect of temperature and environment; 
metallurgical aspects; basic studies (mechanism of 
fatigue, statistical theories, crack propagation); engineer- 
ing and industrial significance of fatigue (railways, auto- 
mobiles, airframes, stationary, mobile, aircraft, and 
machine engines, pressure vessels, structural engineering, 
welded construction); service experience and failures in 
general. The presentation of these papers will be preceded 
by an opening address reviewing the field of knowledge 
of fatigue, to be given by Dr. H. J. Gough, C.B., M.B.E., 
F.R.S., a Past-President and Honorary Member of the 
Institution. 

Copies of the papers will be available before the 
meeting, and the proceedings of the Conference will be 
published in due course by the Institution. 

American Institute of Mining and Metallurgical 

Engineers 

The total membership of the A.I.M.E., as announced 
at the recent Annual General Meeting of The Iron and 
Steel Institute, now exceeds 24,000. 


CORRIGENDUM 


Observations of Stainless Steel Melting Practice 
In the paper by D. C. Hilty, H. P. Rassbach, and W. 
Crafts, published in the June, 1955, issue of the Journal, 
the equation in Fig. 2 (p. 120) should read: 
Log | Cr + %Mn\ = 0-812 log | %Cr + | 
_ %¥e 


%Fe Fe 
+ 1-238 





DIARY 


20th July—CLEVELAND INSTITUTION OF ENGINEERS— 
Works visit to the Lackenby Works of Dorman, 
Long and Co., Ltd. 

21st-27th July—InTERNATIONAL UNION oF PURE AND 
APPLIED CHEMISTRY—18th General Conference and 
14th International Congress (Organic Chemistry)— 
Zurich, Switzerland. 


TRANSLATION SERVICE 


(The previous announcement was made in the June, 

1955, issue of the Journal, p. 219) 

TRANSLATIONS AVAILABLE 

No. 501 (German). O. JENNE: ‘‘ A Technical Method of 
Designing Regenerators.” (Radex Rundschau, 
1955, Jan., pp. 301-309). 

No. 502 (German). W. A. FiscHER and H. ENGELBRECHT: 
“The Simultaneous Desulphurisation and De- 
oxidation of Steel Heats.” (Stahl und Fisen, 
1955, vol. 75, Jan. 27, pp. 70-74). 

TRANSLATIONS IN COURSE OF PREPARATION 

(Swedish). G. WALLQuistT: “* Calculation of Roll Pressure 
and Energy Consumption in Hot Rolling.” 
(Jernkontorets Annaler, 1954, vol. 138, No. 9, 
pp. 539-570). 

(German). E, LOBBECKE: “ Lining of Basic Cupolas. 
A Critical Review of the Literature on Present 
State of Development of Basic and Neutral 
Refractories, the Possibilities of using Them 
with or without Coolers in the Cupola.” 
(Giesserei, 1954, vol. 41, Sept. 16, pp. 477-485). 
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ORES—MINING AND TREATMENT 


The Study of Materials-Handling Systems by a Lead-Shot 
Analogue. H. G. Jones, W. M. Davies, and P. D. Dickerson. 
(J. Iron Steel Inst., 1955, 180, July, 255-262). [This issue]. 


FUEL—PREPARATION, PROPERTIES, AND USES 


Coal Preparation Plant at Mansfield Colliery. (Engineer, 
1954, 198, Nov. 26, 747-748). A description is given of the 
new coal preparation plant installed at Mansfield Colliery 
designed to handle 400 tons/hr.—m. D. J. B. 

Machines for Crushing Samples of Coke and Coal. K. 
Ehrmann and H. Sporbeck. (Glickauf, 1955, 91, Feb. 12, 
187-193). 

Joint Commission of Coke-Oven Engineers from Mines, 
Ironworks and Gasworks. (Centre Doc. Sidér. Circ. Inform. 
Tech., 1954, 11, (12), 2271-2279). Concise reports are given 
by several engineers of carbonization tests made on Sarre- 
Lorraine coals in the coke-ovens of the East and the Paris 
region. Laboratory and works tests are included.—t. 5. D 

Determining the End of the Coking Process on the Basis of 
Measurements of the Electrical Resistance of a Coke Charge. 
B. Kalinowski, A. Grossman, and 8S. Rojek. (Hutnik, (Poland), 
1954, 21, (8), 256-259). [In Polish]. It is proposed to measure 
the electrical resistance of the charge as a means of establishing 
the correct coking time. Graphite electrodes pushed into both 
ends of the charge through insulated holes in the opposite 
doors were connected to a Wheatstone bridge. The change 
in the electrical resistance during coking has a characteristic 
drop when the temperature in the plane on which the measure- 
ments are conducted reaches 700—-800° C. Thus the end of 
the gasification period can be determined. This period must 
be followed by an additional coking time which is constant 
for a given battery. Using this method, the influence of the 
moisture in the charge on the gasification period was studied. 

Optical and Radiocrystallographic Study of Several Cokes. 

. Alpern and 8. Durif. (Compt. Rend., 1954, 238, May 24, 
2099-2101). Two indices are established, one the optical 
anisotropy and the other the graphitization under X-rays. 
These factors are studied as functions of pressure developed 
during carbonization, temperature, and nature of the cokes. 

Comparison of Five Methods of Mechanically Testing Coke. 
C.-G. Thibaut. (Publ. Inst. Rech. Sid., Série A, 1953, (62), 
Nov.). Compression, shatter, and tumbler tests were com- 
pared by a comprehensive series of trials, the results of which 
are given. It is reeommended that the MICUM tumbler test 
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should be adopted by the steel industry for testing metal- 
lurgical coke, since it gives the greatest sensitivity and 
reproducibility, besides being the most rapid.—t. E. D. 

On the Reactivity of Cokes to Steam, H. Guérin and M. 
Moutach. (Compt. Rend., 1954, 239, July 19, 276-278). 
Experiments on the reactivity of cokes, in which the samples 
were heated in a constant and continuous current of steam, 
are reported. The results confirm that the determination of 
initial reactivities cannot be used as a criterion in the com- 
parison of reactivities.—T. E. D. 

Outline of Gas Purification. J. J. Priestley. (Gas Times, 
1954, 80, Sept. 17, 350-358; 81, Oct. 1, 21-23; Oct. 15, 102- 
110; Oct. 29, 165-172; Nov. 12, 233-241; Nov. 26, 309-312). 
The subjects covered include gas cooling and condensation, 
tar removal, gas washing, ammonia recovery, H,S removal, 
liquid purification, benzole recovery, ammonia concentration, 
gas dehydration, catalytic sulphur removal, and gum removal. 

In Search of a Two-Stage Gas Producer. P. Clarke. (Z.S.C. 
News, 1954, 8, (3), 6-12). A description is given of the design 
and performance of a 2-stage gas producer of Austrian design. 
A fluid tar is formed, which allows the gas to be cleaned in 
electro-filters, thus making it suitable for use in automatically 
controlled furnaces. The plant is capable of continuous 
operation.—L. D. H. 

Experiences with Steam Jacket Gas Producers with Open 
Hearth Furnaces. H. Wiibbenhorst. (ron Steel Inst. Transla- 
tions Miscellaneous Series No. 238, 1955). This is an English 
translation of a paper from Stahl u. Hisen, 1954, 74, Feb. 25, 
272-279 (see J. lron Steel Inst., 1954, 178, Sept., 71). 

The Total Gasification of Coal. L. F. Minchin. (Indust. 
Chem., 1954, 80, July, 330-334). Gasification methods are 
discussed with particular reference to processes under develop- 
ment. The production of iron and gas together, the Flesch- 
Demag down-draught producer, the Rummel Slag-Bath 
producer, and the Lurgi-Ruhrgas process are mentioned. 


TEMPERATURE MEASUREMENT AND CONTROL 


Tolerances and Errors in Temperature Measurement with 
Thermocouples. Practical Hints on Thermocouples and 
Thermocouple Sheaths. K. Guthmann. (Arch. Hisenhiitten- 
wesen, 1954, 25, Nov./Dec., 535-561). The material is grouped 
under the following headings: (a) Definitions, useful applica- 
tions, standardization, tolerances, accuracy obtained, thermo- 
couple requirements; (b) type, origin, magnitude and correction 
of errors; (c) sheaths, metallic and ceramic sheaths, and gas 
permeability.—r. G. 
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Photographic Pyrometry. J. W. Londaree, jun. (J. Amer. 
Ceram. Soc., 1954, 837, Aug., 354-360). The principles and 
practice of measuring brightness temperatures, by measuring 
the densities of the photographic images produced by hot 
objects, are dealt with. The method is more involved than 
most measurements of temperature, but is likely to be useful 
in special cases, e.g. where the temperature is changing 
rapidly. The accuracy is at least + 5° C.—p. L. ¢c. P. 

Calibration of a Nickel-Molybdenum Thermocouple. R. D. 
Potter. (J. App. Phys., 1954, 25, Nov., 1383-1384). Calibra- 
tion of a Ni/Mo against a chromel/alumel paaisbadle up 
to 2242° F. (1228°C.) has been carried out by spot-welding 
individual wires to platinum.—J. 0. L. 

Temperature Measurement of Molten Cupola Iron with a 
Photocell Pyrometer. U. Goersch and G. Hecker. (Stahl u. 
Eisen, 1954, 74, Nov. 4, 1545-1546). A Hartmann and Braun 
photocell pyrometer has been incorporated in an instrument 
to record continuously the temperature of iron running from 
a cupola. The detecting head is cooled by a current of air 
passing through its housing; this air subsequently passes into 
the sighting tube and thus keeps the lens in the head free 
from dust deposition. The instrument is sighted on the 
tapping launder and a weir prevents slag from passing across 
the field of view and so affecting the temperature indication. 
The apparatus responds quickly to temperature variations 
but gives only relative, not true, temperatures.—J. P. 

Open-Hearth Immersion Pyrometers. Some Notes on Their 
Development and Use at Appleby-Frodingham. A. Goodall. 
(J. Iron Steel Inst., 1955, 180, July, 247-254). [This issue]. 


REFRACTORY MATERIALS 


The Slip Casting, Sintering, and Hot Pressing of Beryllia. 
P. Murray, I. Denton, and D. Wilkinson. (Silicates Industriels, 
1954, 19, Dec., 412-417). [In English]. 

A Method of Producing Chrome-Magnesite Refractories. 
Z. Sate ze *%k. (Prace Instytutow Ministerstwa Hutnictwa, 1954, 
6, (5), 235-238). [In Polish]. A method of making chrome- 
magnesite refractories highly resistant to thermal shock is 
described. The bricks have a compressive strength of 200 
kg./sq. em., relative porosity about 22%, and a density of 
3°04 g./c.c.—R. A. R. 

Refractories—Their Service in Industrial Furnaces. W. A. 
Archibald. (Metal Treatment and Drop Forg., 1954, 21, Nov., 
529, 530). The work of the refractories section of the Chemistry 
Department of B.I.S.R.A. is briefly reviewed.—P. M. c. 

Furnace Elements: New Silicon Carbide Tubes for High 
Temperatures. (Jron Steel, 1954, 27, Oct., 504). This article 
introduces a new type of silicon carbide tube electrical heating 
element made by Morgan Crucible Co., Ltd. Known as 
‘“‘ Crusilite,” it is suitable for an element temperature range 
of 800—-1575° C. and can be made over a range of resistance 
values. Being in one piece, Crusilite elements are stronger 
than other types of silicon carbide elements, and can be fitted 
with highly efficient shrunk-on terminal caps. The material 
has a relatively low rate of resistance increase in use, thus 
having a longer life.—c. F. 

Results of Tests Carried Out on a “ Corhart 104” Brick 
Made by the Corhart Refractories Company. Baron. (Centre 
Doc. Sidér. Circ. Inform. Tech., 1954, 11, (11), 2087-2090). 
This brick is very homogeneous, and has a good resistance 
to slag attack, but costs rather more than three times ordinary 
chrome-magnesite. It is used in open-hearth back and front 
walls and in electric furnaces. Its performance in all standard 
tests was excellent, except in the test for resistance to thermal 
shock. A test piece resisted only two cycles compared with 
five to ten for ordinary chrome-magnesite, but it is suggested 
that the test is probably not appropriate.—tT. E. D. 

Elasticity-Temperature Relationships in Refractories. A. L. 
Roberts. (Z'rans. Brit. Ceram. Soc., 1954, 58, Nov., 724-730). 
The reasons for the increase in rigidity found when many 
types of refractory materials are heated are considered. The 
hypothesis that this phenomenon is a consequence of the 
more highly expanding phases reoccupying voids which had 
been created during the cooling period following the initial 
firing of the material is supported.—p. L. c. P. 

High Temperature Dilatometer. J. Baron. (Bull. Soc. 
Francaise de Ceramique, 1953, Jan.-Mar., 4-11: Publ. Inst. 
Rech. Sid., Série A, 1953, (59), July). A dilatometer for 
measurements at 1750-1800° C. is described. The cylindrical 
sample is surmounted by a sintered aluminium push-rod. 
Both are contained, in a vertical position, in a sintered 
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alumina tube, which is placed in the furnace. Four metal 
push-rods relay the expansion to the micrometer at the head 
of the dilatometer. Results of some tests on various refrac- 
tories and on cast silica are given.—T. E. D. 

Application of Sonic Moduli of Elasticity and Rigidity to 
Testing of Heavy Refractories. J. A. Willmore, R. 8. Degen- 
kolb, R. H. Herron, and A. W. Allen. (J. Amer. Ceram. Soc., 
1954, 37, Oct., 445-457). The measurement of sonic modulus 
of elasticity for fireclay and high alumina refractory brick, 
at room temperature and up to 1700° F. is dealt with, and 
results are analysed; comparison is made with modulus of 
rupture determinations. The sonic modulus tests were more 
discriminating and reliable than those for modulus of rupture. 

Phase Equilibria in the System MgO-Cr.0,-Si0,. M. L. 
Keith. (J. Amer. Ceram. Soc., 1954, 87, Oct., 490-496). 
Studies of phase equilibria by the method of quenching are 
reported, and a ey of equilibrium relationships in the 
system is given.—D. L. C. P. 

High-Temperature Testing Techniques for Brittle wre 
Materials. J. J. Gangler. (J. Amer. Ceram. Soc., 1954, 
Sept., 439-444). Work of the N.A.C.A. Lewis Flight iio. 
pulsion Laboratory is dealt with. Reported are: A method 
to determine the stress rupture and creep properties of brittle 
refractory materials up to 2000° F.; parameters and tests for 
evaluating thermal shock resistance; testing of cermet blades 
in a jet engine.—D. L. Cc. P. 

Silicide as a Highly Refractory Material. I. Kieffer, F. 
Benesovsky, and C. Konopicky. (Berichte der Deutschen 
Keramischen Gesellschaft e. V., 1954, 31, (7), 223-230). The 
silicides of the transitional elements of groups 4-6, especially 
the disilicides of molybdenum and tungsten, are highly 
resistant to scaling. An outline of the manufacture and 
physical properties of silicides is given, with particular 
reference to their resistance to and mechanism of scaling. 
Molybdenum disilicide appears to be outstanding as a refrac- 
tory material for the manufacture of heat-resisting nozzles. 

Structure and Properties of Silicides. H. Nowotny and E. 
Parthé. (Planseeberichte, 1954, 2, Nov., 34-56). The authors 
discuss the physical chemistry of the silicides. Phase diagrams 
and crystal structures are shown. (63 references).—R. P. 

Some Special Rocks of Interest to High Temperature 
Industry. V. Charrin. (Chaleur et Ind., 1954, 85, Oct., 309- 
310). The use of serpentine (2SiO,, 3MgO, 2H,O) in the 
super-refractory industry, is briefly outlined. The use of 
ampelite (a graphitic schist) for service up to 1800°C. in 
steel ladles and in the foundry is mentioned.—t. E. D. 

Programme of Laboratory Tests on Dolomite to be Carried 
Out in France. R. Baron. (Centre Doc. Sidér., Cire. Inform., 
Tech., 1954, (10), 1917-1926). Decisions on tests to be per- 
formed and the laboratories to conduct the tests are given. 
Investigations of grades of dolomite, resistance to abrasion 
of sintered dolomite, and tarred dolomite are mentioned. 
Methods of determining tar content, grain size, bulk density, 
grain porosity, and resistance to compression of fired dolomite 
are to be studied. Tables giving analyses of dolomites from 
various sources and of sintered dolomites are given.—t. E. D. 

How Slag Attacks Refractories. D. Dixon. (Amer. Foundry- 
man, 1954, 26, Oct., 47-50). The tests which may be used 
to determine the resistance of a refractory to attack by slag 
are briefly discussed and the different ways in which slag 
can attack a refractory are considered. The resistance to slag 
attack of alumina, silica, and fireclay refractories is discussed 
particularly with reference to the effects of composition, 
permeability, and firing temperature.—B. c. w. 

A Study of the Constitution of Liquid Silicate Slags. D. T. 
Livey, H. Towers, H. B. Bell, and R. Hay. (Trans. Brit. 
Ceram. Soc., 1954, 58, Nov., 741-747). The effect of tempera- 
ture and composition on the viscosities of calcium, manganese, 
and magnesium silicates has been determined. The interpreta- 
tion of viscous flow on the basis of the reaction rate theory 
is reviewed.—D. L. C. P. 

Refractories in the New Lackenby Steelplant of Dorman 
Long (Steel) Ltd. (Refract. J., 1954, 80, Oct., 436-442). The 
brickwork of the open-hearth furnaces and mixers completed 
in May, 1954, at the Lackenby plant is described.—p. L. c. P. 


BLAST-FURNACE PRACTICE 


AND PRODUCTION OF PIG IRON 


The Changing Pattern in Iron Smelting. A. R. Myhill. 
(Mech. World, 1954, 184, Nov., 500-503). Some modern 
developments in the manufacture of pig-iron are described. 
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Methods of improving the efficiency of high-shaft blast fur- 
naces are discussed. The advantages and disadvantages of 
low-shaft and electric furnaces are mentioned.—p. H. 

A New Route from Ore to Steel. H. Hofmeister and C. 
Herrmann. (Werkzeitung der Schoeller-Bleckmann Stahlwerke, 
1954, 21, (1), 11-16). A process is described, in which the 
Sturzelberg process for producing iron is combined with the 
top-blown converter, using commercially pure oxygen (as 
developed at Linz). The ore, which is in a fine condition as 
mined, is preheated and reduced in horizontal rotary furnaces, 
non-coking coals or “ iron-coke ” being used.—t. D. H. 

Calibration Trials on a Brown-Boveri Steam Turbo-Blower 
Installation. M. Steffes. (Chaleur et Ind., 1954, 35, Oct., 
303-308). Tests on the blast-furnace turbo-blower put into 
operation at Terre Rouge in 1953 are reported. Operating 
characteristics at 2600, 2900, and 3060 r.p.m. were studied 
and results are shown graphically. For an output of 1500 
cu. m./min. at 90 em. Hg pressure (2640 r.p.m.) the steam 
consumption is 13,000 kg./hr. This is in the most efficient 
range, but the speed can be varied between wide limits. 

Statistical Analysis of Blast-Furnace Data. J. M. Ridgion. 
(Metal Treatment and Drop Forg., 1954, 21, Nov., 540, 544). 
The study of factors influencing the output and fuel con- 
sumption of a blast-furnace by statistical methods is dis- 
cussed.—P. M. C. 

Analysis of Factors that Limit the Production Rate and 
Coke Rate in the Iron Blast Furnace. W. 0. Philbrook. 
(Trans. Amer. Inst. Min. Met. Eng., 1954, 200; J. et., 
1954, 6, Dec., 1396-1406: Blast Furn., Coke Oven, Raw 
Materials Conf., 1954, 18, 208-234). The author attempts to 
develop a complete semi-quantitative analysis of factors 
restricting production rate and coke economy in the blast- 
furnace. Coke rate is governed, not by chemical or thermal 
requirements, but by gas flow, heat transfer, and stock move- 
ment. An equation showing relationships between pressure 
drop, gas flow, and charge characteristics is derived. Flooding 
conditions and location of the fusion zone are discussed, and 
it is felt that maximum ore size is limited by chemical reduci- 
bility rather than by heat transfer.—e. F. 

Wear of the Refractory Lining of a Blown-Out Blast-Furnace. 
H. Kahlhéfer, A. Send, and W. Himsel. (Stahl u. Eisen, 
1954, 74, Dec. 16, 1714-1723). This is a report on the wear 
of the lining of a blast furnace at Huckingen after a campaign 
of 164 years. Wear was due to mechanical abrasion by the 
burden, particularly when it contained large pieces, to friction 
from the descending charge and the ascending gases, and to 
chemical and thermal effects. The furnace produced basic 
Bessemer iron and the burden was adjusted to a CaO/SiO, 
ratio of 1-2. The deposits on the stack lining were fine- 
grained and built up in layers. The lining near the top of the 
furnace was worn away completely by the continuous impact 
during charging. The carbon bricks in the bosh were pro- 
tected by a layer of slag, but they were rather worn and wear 
was stopped only by outside water-cooling. The carbon 
bricks had cracks into which the slag had penetrated, thus 
destroying the bricks. The outside water-cooling—after the 
carbon bricks became sufficiently thin—increased the viscosity 
of the slag so that it could not penetrate further into the 
bricks. The carbon bricks and carbon hearth blocks showed 
hardly any wear and the compression strength of the worn 
bricks was up to 100% greater than that of new bricks.—t. a. 

Relation between Design of the Blast-Furnace and Wear 
of Its Refractory Lining. H. Kahlhéfer and A. Send. (Stahl 
u. Eisen, 1954, 74, Dec. 16, 1697-1713). The authors report 
the experience gained at Huckingen with a self-supporting 
blast-furnace and compare the wear of its refractory lining 
with that of conventional blast-furnaces. Hearth and bosh 
of the self-supporting furnace consist of carbon bricks 
covered with a rammed carbon mixture. The stack lining of 
refractory bricks is only 500 mm. thick and contains cast-iron 
cooling boxes, which also support the lining. The bosh and 
hearth are cooled by sprayed water. The new furnace has no 
mantle ring, and the shell plate is all-welded, increasing in 
thickness from 25 mm. at the top to 60 mm. at the bottom. 
The weight of the stack lining is carried by the bosh lining. 
As the bosh lining wore rather quickly, this reduced the 
support for the stack lining and the cooling boxes gave way 
after only 18 months, when the bosh and lower part of the 
stack linings had worn down to about 250 mm. Steel cooling 
boxes replaced the cast iron ones and these stood up to the 
pressure. At the next relining a mantle ring will be built in 
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to give strong support for the stack lining. The behaviour 
of the carbon blocks in hearth and bosh is discussed and 
their good wear resistance is stressed.—t. G. 

Underhearth Cooling of Carbon Hearths in Blast Furnaces. 
(Refract. J., 1954, 80, Sept., 380-381). A form of air cooling 
beneath blast-furnace carbon hearths is suggested to enable 
the physical and chemical properties of a carbon bottom to 
be utilized without trouble from overheating, penetration, or 
floating. This development follows assessment of hearth 
temperatures by calculation, analogue, models, and_ field 
trials.—D. L. c. P. 

The New Large Blast-Furnace at the Westfalenhiitte Dort- 
mund AG. W. Wolf, F. Heppner, W. Giildner, and P. Wolf. 
(Stahl u. Eisen, 1954, 74, Nov. 4, 1456-1464). The design of 
a new blast-furnace (hearth diameter 26} ft.) is discussed 
in detail. The furnace was built after the American pattern 
but modified to suit local conditions. The ore stocking 
ground and bin layout, hot blast stoves, gas cleaning plant, 
and instrumentation are described.—.. P. 

The Importance of Burnt Pyrites for the Iron Industry. 
H. Sechackmann. (Stahl u. Hisen, 1954, 74, Nov. 4, 1468-1473). 
Burnt pyrites constituted about 12°, of the iron charged to 
the blast furnaces in Western Germany in 1953. The increasing 
European production of sulphuric acid from pyrites means 
an increasing amount of pyrites residues. The recovery there- 
from of non-ferrous metals by chloridizing roasting leads to 
a valuable low-phosphorus iron ore (purple ore), which can 
be freed from small quantities of zine, lead, arsenic, and 
sulphur by sintering. The sinter is easily reduced and can be 
readily smelted. Methods are being investigated for preparing 
pyrites to yield directly elemental sulphur, non-ferrous metals, 
and purple ore.—zJ. P. 

Model Trials on the Low-Temperature Smelting Process. 
H. Maetz and H. J. Engell. (Arch. Eisenhiittenwesen, 1954, 
25, Sept./Oct., 397-404). The reactions in low-temperature 
smelting in the low-shaft furnace were studied on models. 
Ore-coal briquettes of the composition used in the low-shaft 
furnace were charged into the model furnace at a temperature 
of 250° C. corresponding to the temperature at the top of the 
full-scale furnace. The temperature was then raised by 
13° C./min. to 1300° C, and CO-enriched gas or nitrogen was 
introduced into the furnace. The change in gas composition 
with increasing temperature was followed. At the end of the 
trial, the briquettes were furnace-cooled in nitrogen, and their 
contents of metallic, bi- and trivalent iron determined. A 
relation between gas composition and degree of reduction was 
found. The trials established that: (1) At low temperatures, 
the solid carbon in the briquettes is the main reaction agent; 
and (2) above 850° C. the gas phase, particularly hydrogen, 
participates in the reduction. The following reaction mech 
anism is assumed: In the low-temperature region, the ore is 
reduced by solid carbon to bivalent iron (Fe,O, C — 3FeO 

CO). This reaction is very sluggish and determines the 
whole process. The CO formed during the reduction deccm- 
poses immediately (2CO = CO, C). Above 850° C. the ore 
and solid carbon also react, particularly in the absence of 
producer gas, but here FeO C + Fe CO; another reaction 
then occurs (FeO -+- CO - Fe + CO,). The CO, decomposes 


at this temperature (CO, + C 2CO). Again the reduction 
of the ore is slow. The degree of reduction was highest when 
the gas phase participated in the reaction. Yesults are 


presented and discussed.—r. «. 

Smelting of Mixed Ore-Coal Briquettes in the Low Shaft 
Furnace. E. E. Hofmann. (Stahl u. Eisen, 1954, 74, Nov. 4, 
1464-1468). Progress in the development of the Demag- 
Humboldt low-shaft furnace process is briefly reviewed. 
Tests carried out on an experimental plant have shown that 
the tar produced can be used as a binder for the briquettes 
and that the furnace dust, which is high in carbonized material, 
acts as a support during the carbonization of coal in the upper 
part of the stack. The working of the furnace was regular 
during all the tests and the products were uniform. Useful 
information about the reduction processes, raw materials 
balance, and equilibrium conditions was obtained when the 
furnace was emptied. It is concluded that a low-shaft furnace 
worked in this way is suitable for industrial use.—,J. P. 

Progress of Research on the Low-Shaft Furnace: Results 
from One Year of Operation, 1953-54. (Jron Coal Trades Rev., 
1955, 170, Jan. 7, 31-33). The results of a year’s research 
by an International Committee on the low-shaft furnace at 
Ougrée, Belgium, are summarized. The main interest is in 
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iron production from materials which would interfere with 
smooth operation in a normal blast-furnace.—c. F. 

A Modern Blast-Furnace Installation. P. Mainil. (Techn. 
Human., 1953-54, 51, (6), 293-303). The blast-furnace 
installation of John Cockerill at Seraing is described, with 
information about the raw materials used, crushing, screening, 
agglomeration, general handling methods, and the blast- 
furnaces themselves.—t. E. D. 

The Use of Oxygen-enriched Air in the Blast-Furnace. 
C.-G. Thibaut. (Publ. Inst. Rech. Sid., Série A, 1953, (61), 
Oct.). Trials carried out at Neuves-Maisons in 1948 are 
described. The theoretical basis for the use of oxygen-enriched 
air is discussed. The blast-furnace plant is described, and the 
information about materials and heat balances, derived from 
operating data, is discussed. Comprehensive operating data 
are included for tests lasting four months. During three 
10-day periods the furnace was blown with oxygen-enriched 
air (25%, 23%, and 26%), and operation was compared with 
two similar periods with normal blast. (53 references). 

The Equilibrium Relationship between Oxygen and Carbon 
in Liquid Iron under Various Pressures of CO Gas. S. Takeuchi. 
(Sci. Rep. Rev. Inst., Téhoku Univ., 1954, Series A, 6, June, 
(3), 207-219). [In English]. It is shown that the product 
[O].[C] increases with [C] concentration, the rate of increase 
being increased by pcg. Concentration [0] decreases rapidly 
as [C] increases in region of low carbon content, and increases 
with [C] in high carbon range. Thus deoxidation by carbon 
in molten iron is practicable only in region of small concentra- 
tion of carbon.—J. G. w. 

The Reduction of Iron Oxides with Graphite. V. I. Arkharov, 
V. N. Bogoslavskii, M. G. Zhuravleva, and G. I. Chufarov. 
(Doklady Akademii Nauk S.S.S.R., 1954, 98, (5), 803-806). 
{In Russian]. The reduction of iron oxides by graphite in vacuo 
at temperatures of 1000—1150° C. was investigated. The nature 
of the solid reduction products was determined by X-ray 
analysis. The mechanism of the crystallographic changes 
which take place during the reduction is postulated.—v. a. 

The Oxidation of Ferrous Sulphide in a Melt. E. J. Kohlmeier 
and K. Geissler. (Z. Erz. u. Met., 1954, 7, July, 281-283). 
Investigations of the process of oxidation of ferrous sulphide 
in metal melts are described. Results are discussed, and it is 
stated that oxidation proceeds to the FeO.FeS eutectic and 
then to Fe,O,4.—.. c. 

The Electrical Conductivity of Solid and Liquid Slags. H. 
Hofmann and B. Marinéek. (Arch. Eisenhiittenwesen, 1954, 
25, Nov./Dec., 523-526). Electrical resistivity measurements 
were carried out on blast-furnace slags to ascertain whether 
the metal oxides of the slag dissociate at high temperatures 
into ions. The resistivity of the slags decreases with increasing 
FeO content and with increasing temperature. The effect 
of heavy metal oxides decreases with increasing basicity. 
No explanation of the causes of the minima and maxima of 
the conductivity curves is offered. Conductivity decreases 
with increasing SiO, content. The results indicate that the 
structures of blast-furnace slags are very similar in the solid 
and liquid state. The conductivity is attributed to the presence 
of free calcium ions. Blast-furnace slag is not completely 
dissociated into ions at temperatures prevailing in the blast- 
furnace.—T. G. 

Liquidus Relationships on 10% MgO Plane of the System 
Lime—Magnesia—Alumina-Silica. A. T. Prince. (J. Amer. 
Ceram. Soc., 1954, 37, Sept., 402-408). An investigation is 
reported in which 102 glass compositions were prepared for 
liquidus, and in some cases secondary-phase temperature 
determinations by the quenching method; compositions were 
confined chiefly to the central part of the plane adjacent to 
the lime, silica, magnesia face of the tetrahedron. The main 
object was to give more information on the composition— 
melting point behaviour of blast-furnace slags; liquidus 
temperatures in this region were almost entirely below 1450° C. 


PRODUCTION OF STEEL 


The Future of the Iron and Steel Industry. Sir Charles F. 
Goodeve. (Iron Coal Trades Rev., 1955, 170, Jan. 14, 91-92). 
The author discusses the future trends of the British iron and 
steel industry and predicts the technical progress in the next 
ten years.—G. F. 

Lackenby—New Open Hearth Melting Shop of Dorman Long 
and Company, Limited. (Refract. J., 1954, 30, Sept.; 397- 
401). A brief illustrated description is given of the new melting 
shop and materials handling plant. It is designed to produce 
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625,000 tons of steel ingots per annum from five 360-ton 
open-hearth tilting furnaces, and two 600-ton mixers. 

Rebirth of a Steel Giant. (Metal Bull., 1955, Feb. 8, 8-9). 
A brief account of the reconstruction of the August Thyssen 
Hiitte integrated steelworks in the Ruhr is given.—B. G. B. 

Jones and Laughlin—Pittsburgh Works. T. J. Ess. (Iron 
Steel Eng., 1954, 31, Nov., 76-102). A detailed description 
is given of the Jones and Laughlin Pittsburgh works, covering 
all aspects from raw materials supplies to finished products. 

Atlas Steel Incorporates Many New Developments in Ex- 
pansion Program. (Jron Steel Eng., 1954, 31, Nov., 153-164: 
Metal Bull., 1954, Dec. 21, 13-14: Steel, 1954, 185, Nov. 8, 
100, 102, 116: Blast Furn. Steel Plant, 1954, 42, Dec., 1413- 
1419: Iron Coal Trades Rev., 1954, 169, Dec. 3, 1322-1328: 
Tron Steel, 1954, 27, Dec. 3, 588-592). These articles describe 
recent expansions at Atlas Steels Ltd., Ontario. These 
include a continuous casting machine, a continuous powder 
searfing machine, a ‘ high-head ’ heating furnace for stainless 
slabs, and a planetary hot strip mill.—m. D. J. B. 

Iron and Steel Production at Aviles. J. Serrano. (Met. 
Elect., 1954, 18, Nov., 63-66). [In Spanish]. The author 
gives a description of the development, in two phases, of the 
National Iron and Steel Company of Spain.—p. s. 

Europe’s Latest Basic Bessemer and Open-Hearth Steelworks. 
H. Hofmeister and C. Herrmann. (Industrie-Kurier, 1954, 7, 
415-418: Stahl u. Eisen, 1955, 75, Jan. 13, 49-51). The new 
steelworks of the Soc. Lorraine de Laminage Continu at 
Serémange near Thionville are described. The plant will have 
six 60-ton basic-Bessemer converters and six 120-ton oil-fired 
open-hearth furnaces. The total output will be about 2-3 
million tons per year. Three converters and two open-hearths 
now are in operation. There is also a wide strip mill.—r. G. 

Use of an Intermediate Ladle for Pouring Steel Produced in 
a Small Bessemer Converter. A. S. Muravinskii. (Liteinoe 
Proizvodstvo, 1954, (7), 27-28). [In Russian]. The produc- 
tivity of various systems of pouring and the corresponding 
degrees of utilization of small (14—243-ton) Bessemer converters 
are compared. The operations were subjected to time-study. 

Blowing Mixtures of Basic-Bessemer Iron and Stahleisen in 
the Basic Converter. E. Eickworth and T. Kootz. (Stahl u. 
Eisen, 1954, 74, Nov. 4, 1486-1492). Trials have been carried 
out at the Westfalenhiitte to determine the blowability and 
the course of refining reactions of irons ranging in composition 
from that of basic iron to that of stahleisen. Although no 
special features were observed, much useful evidence was 
forthcoming of the influence of metal and the slag compositions 
on dephosphorizing, slagging of manganese, and absorption 
of nitrogen.—J. P. 

The Bottom Blowing of Stahleisen with Oxygen-Enriched 
Air. H. Kosmider, H. Neuhaus, and A. Weyel. (Stahl u. 
Eisen, 1954, 74, Nov. 4, 1473-1484: Iron Steel Inst. Transla- 
tions, Miscellaneous Series 235). Many trial blows have been 
carried out in the converter shop of the Kléckner-Hiittenwerk 
Haspe AG., with high phosphorus stahleisen of varying silicon 
content. Oxygen-enriched air was used in a large converter, 
and oxygen and steam in a small converter. The object was 
to determine whether oxygen enrichment would bring about 
early phosphorus removal. At the same time the nitrogen 
content of the steel and the general refining behaviour was 
studied. When the heats were cooled with ore, or ore and 
fluorspar, it was generally possible to reach low phosphorus 
contents before the end of the carbon period, so that no 
after-blow was necessary. Metal and slag reactions was 
studied on samples taken from the small converter.—J. P. 


Effect of Secondary Checkers on Open-Hearth Furnaces. 
H. S. Hall. (Iron Steel Eng., 1954, 31, Nov., 112-122). The 
author shows the increase in total fuel input to a furnace by 
increasing the temperature of the combustion air, and 
discusses methods of increasing regenerator capacity. Layout 
of secondary checkers and the advantages to be gained by 
these are dealt with.—um. D. J. B. 

Modern DEMAG Maerz-Type Open-Hearth Furnace. H. 
Hofmeister and T. Haarbriicker. (DEMAG News, 1954, 
(135), 10-15). A description is given of a stationary 120-ton 
open-hearth furnace constructed by Demag in 1949. The 
production of steel is about 8000 tons/month. The furnace is 
fired with producer gas with a 10% addition of coke-oven gas. 

Open-Hearth Furnaces—Design and Construction. J. L. 
Adamson. (West of Scotland Iron Steel Inst., Paper No. 477, 
Jan. 21, 1955). After reviewing the factors affecting design, 
the principal features of seven recent installations ranging 
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from 15 to 350 tons are discussed. Data from the furnaces are 
tabulated, and a record is given of the performance of a 
170-ton tilting furnace during the first 12 heats.—-nr. A. R. 
Half-Siliceous, Half-Basic Arches. Donney. (Centre Doc. 
Sidér. Cire. Inform. Tech., 1954, 11, (11), 2081-2086). Three 
campaigns, in a 70-ton open-hearth furnace at Longwy 
Works of Société Lorraine-Escaut, are described in which 
silica, basic, and half-silica, half-basic roofs were used. Silica 
lasted only 200 heats. The performance of basic roofs is 
described, showing, diagrammatically, the wear in various 
parts of each roof. In three cases, the arches lasted 693, 
714, and 890 heats. Two-thirds of the basic roof was then 
repaired, leaving basic brick at the two ends, and replacing 
the bricks towards the back and front of the furnace by 
chrome-magnesite, and those in the centre by silica. By using 
this construction, the advantages of long life of a basic roof 
can be obtained without the disadvantage of excessive cost. 


Comparative Economics of the Open-Hearth and Arc Fur- 
naces for Production of Unalloyed Low-Carbon Steel. E. Krebs 
and E. Pakulla. (Stahl u. Eisen, 1955, 75, Jan. 13, 9-13). 
This paper is mainly a review of the relevant publications of 
the Battelle Memorial Institute, but the authors discuss the 
conditions, prices, and costs of operating the two types of 
furnaces in Germany. In favourable circumstances low-carbon 
steel can be produced at lower cost in the are furnace. The 
high efficiency of the are furnace depends on charging a very 
high percentage of scrap (say 90%) which is difficult to 
maintain.—tT. G. 

Hot Blast Cupola: Economics of a Premelting Unit in an 
Open Hearth Shop. R. Sewell. (Jron Steel, 1955, 28, Jan., 
31-32). This is a translation of a paper by E. Lobbecke in 
Industriekurier, Jan. 20, 1954. From recent German data an 
evaluation is presented of the economics of the use of hot- 
blast cupolas as premelting units in open-hearth shops. The 
data show that an increased output results with consequent 
savings in labour costs, sundry charges, and depreciation. 

Box Type Roofs, The Kreutzer System. Donney. (Centre 
Doc. Sidér. Cire. Inform. Tech., 1954, 11, (11), 2101-2103). 
The advantages of the Kreutzer box type roof are enumerated. 
These include less deformation, and, in the event of deforma- 
tion, less risk of roof collapse. A campaign in a 50-ton open- 
hearth furnace, with this type of roof construction, is 
described. It is concluded that there is a gain of 25 fr./ton 
when a Kreutzer roof is used, and that roof life is increased 
at least 50%.—. E. D. 

The Output of Modern Open-Hearth Steelworks in Western 
Germany. A. Ristow. (Stahl u. Eisen, 1954, 74, Dec. 16, 
1734-1736). The author compares the output figures of open- 
hearth steelworks in Russia and Eastern Germany with those 
of Western German steelworks. The Russian data are based 

“ high-speed ”’ operation, taken from short selected periods, 
whereas a true comparison can only be made on monthly 
output figures. The author analyses the factors involved in 
open-hearth practice such as output per hour, week, and 
month, output per area unit of the furnace, and calorific 
efficiency per area unit. High-speed charging and proper 
preparation and good quality of the scrap are vital factors 
in raising output.—tT. G. 

Desiliconizing and Desulphurization of Melts Using only 
One Slag. R. Perrin. (Compt. Rend., 1954, 289, Oct. 27, 
1042-1043). By using a slag initially poor in silica, but con- 
taining a proportion of iron and manganese oxides together 
with a large amount of lime, magnesia, and alumina, de- 
siliconizing and desulphurization with only one slag can be 
successively carried out, — ided the slag remains sey d 
.E.D. 


Note on an Accident Occurring tothe Arch of : a Mixer Sane 
Heating. Lanquetin. (Centre Doc. Sidér. Cire. Inform. Tech., 
1954, (10), 1927-1929). In a 1400-ton mixer, after bricklaying, 
the roof was slowly dried with gas burners. After two weeks 
of heating, the subsidiary burners were removed and the 
ordinary burners were lighted. Within 2 hr., the arch started 
to break up. The cause was found to be due to the quality 
of the bricks, which contained too much quartz (35-40%). 
This composition has a large irregularity in its expansion 
curve at 573° C., and as much as 4% expansion between 1300° 
and 1400°C. In future installations this occurrence will be 
avoided by specifying brick containing no more than 10% 
quartz, by having thermocouples in the arch to follow the 
heating rate, and improving the layout of burners.—t. E. D. 


On the Coke-Induced Diffusion-Type of Deoxidation in the 
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Open-Hearth Furnace. A. Dékanovsk}. (Hutnické Listy, 
1954, 9, (12), 727-731). [In Czech]. Deoxidation by adding 
coke or silico-manganese and coke to the slag in the bath is 
discussed with reference to results obtained by this method 
with Cr-Ni-Mo-Mn-Si steels melted in 370-ton open-hearth 
furnaces in both Czechoslovakia and the U.S.S.R. Results 
so far obtained are favourable, and further promising develop- 
ments are expected. Applications of the method to plain, 
killed, and rimming carbon steels are also discussed.—P. F. 

Sampling Liquid Steel for Oxygen Content: A Further 
Evaluation of the Bomb Technique. 8%. Gilbert and G. R. 
Bailey. (Trans. Amer. Inst. Min. Met. Eng., 1954, 200: 
J. Met., 1954, 6, Dec., 1383-1385). In the bomb-sampling 
technique the introduction of a cold mould into the liquid 
bath may cause local boiling and depletion of oxygen. The 
authors have taken samples with bombs of different volumes 
and surface areas, and conclude that such boiling, if any, 
has a negligible effect on the estimation of oxygen.—c. F. 

New Pneumatic Refractory Thrower for Open-Hearth 
Repairs Devised by Bearer of the Order of Labour. J. Bialozyta. 
(Hutnik, (Prague), 1954, 4, (11), 343). [In Czech]. This 
simple throwing device consists of a steel tube 4} in. inside 
dia., 11 ft. long, with a controlled supply of compressed air 
coupled to one end, and a tapering hopper 22 in. high with an 
adjustable slide controlling the fall of material at the air inlet. 

A Furnace-Scanning Periscope. Charles Burns. (J. Iron 
Steel Inst., 1955, 180, July, 241-247). [This issue]. 

Steelmaking Research at B.I.S.R.A. A. H. Leckie. (Centre 
Doc. Sidér. Cire. Inform. Tech., 1954, 11, (12), 2283-2314). 
The organization of B.I.S.R.A. is described, with considerable 
detail of all aspects of the work of the Steel Making Division. 

Electric Furnace Melting Practices Compared for High Alloy 
Steel Production. P. RK. Gouwens. (Amer. Inst. Min. Met. 
Eng. Elec. Furn. Steel Conf., 1954: J. Met., 1954, 6, Dec., 
1372-1375). The author compares acid dead-melting practice 
with both acid and basic practices using oxygen injection, 
in the electric furnace production of highly alloyed Cr—Ni 
heat-resistant steels. The factors considered are refractories 
costs, electrode consumption and power use, ferro-alloy 
grades used, slag control, and alloy losses.—. F. 

Trials on the Use of Pure Cast Silica in an Electric Furnace. 
Achard. (Centre Doc. Sidér. Circ. Inform. Tech., 1954, 11, 
(11), 2119-2124). The use of cast silica door arches in a 
3-door 6-ton electric furnace is described. The performance 
of this refractory is compared with that of silica brick arches. 
It is concluded that, despite additional cost, their use is 
justified, since the length of campaign has been increased from 
126 to 138 heats.—tT. E. D. 

Steelmaking. Metallurgical Factors in the Development of 
Electric Furnaces. J. F. Sewell. (Elect. Rev., 1954, 155, 
Dec. 12, 914-918). The metallurgical advantages of basic 
electric are steelmaking are pointed out. These include 
freedom of the steel from inclusions, versatility in the types 
of steel which can be made, and the scrap used, the use of a 
reducing slag, with which is associated sulphur removal, and 
more complete deoxidation, which involves smaller additions 
of deoxidizing materials and greater yields from additions. 
The use of magnetic stirring devices is mentioned, and the 
possibility of introducing into this country the manufacture 
of mild steel in large units, to compete economically with open- 
hearth manufacture is considered.—t. D. H. 

Chemistry of Acid Electric Steelmaking. N. F. Dufty. 
(Foundry, 1954, 82, Oct., 120-125, 260-263). The physical 
chemistry of the acid electric are furnace process is reviewed 
and discussed. Among the aspects considered are slag systems, 
the constitution of liquid slags, slag—hearth reactions, slag— 
metal reactions, oxidation of carbon, iron oxide control, slag 
control, and the use of special slags. (20 references).—B. C. W. 

The Slagging of Titanium from Molten Steel in the Acid 
and Basic High-Frequency Furnace under Various Slags. 
P. Bardenheuer and W. A. Fischer. (Arch. Eisenhiittenwesen, 
1954, 25, Nov.-Dec., 515-521). The reaction of titanium- 
bearing steel containing 0-1 and 1-0% C with various slags 
was studied in acid and basic coreless high-frequency 250-kg. 
furnaces. In the acid furnace, the titanium reacts rapidly 
with the SiO, in the slag at high temperature. The reaction 
rate decreases with increasing carbon in the steel and de- 
creasing temperatures, i.e. high-carbon steel can be refined 
in the acid furnace. The viscosity of the vitreous slag is 
greatly reduced by titanium oxides and the slag attains 
maximum reactivity at 15-20% TiO,. In the basic furnace, 
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the reaction of the titanium with SiO, is temperature- 
dependent. Titanium-bearing basic slags strongly attack the 
magnesite lining. To keep down the SiO, in the slag, slags 
containing 60% CaO and 40% Al,0, are reeommended.—t. «G. 

High Temperature Chemistry. L. G. Sillén. (Jernkontorets 
Ann., 1954, 188, (12), 759-778). [In Swedish]. This intro- 
duction to thermodynamics deals with the definition of 
temperature, behaviour of matter at various temperatures, 
temperature dependence of equilibrium constants, a com- 
parison between the solution chemistry of metal and slag 
melts at 1600° C., and aqueous solution chemistry at room 
temperature.—G. G. K. 

Ionic Nature of Liquid Iron-Silicate Slags. M. T. Simnad, 
G. Derge, and I. George. (Trans. Amer. Inst. Min. Met. 
Eng., 1954, 200: J. Met., 1954, 6, Dec., 1386-1390). From 
measurements of current efficiency on iron-silicate slags 
contained in iron crucibles, the authors show that conduction 
varies linearly from 10% ionic in slags with less than 10% 
SiO, to 90% ionic in slags with more than 34% SiO,, the 
balance of conduction being electronic in character. Transport 
experiments show that the ionic current is carried almost 
entirely by ferrous ions, which may be assigned a transport 
number of one.—<. F. 

Some Metallurgical Equilibria Involving Acid Slags. V. A. 
Kozheurov and D. M. Laptev. (Zhurnal Fizicheskot Khimii, 
1954, 28, (5), 814-823). [In Russian]. An equation for the 
free energy of a five-component slag is presented and used to 
study ferrous slag equilibria. The equation contains a term 
to allow for polymerization of silicon—oxygen tetrahedra and 
can lead to expressions for various thermodynamic properties 
of slag components. Solubility of silica in acid slags, slag/metal 
oxygen distribution and manganese equilibrium are calcu- 
lated, the values agreeing satisfactorily with experimental 
values from the literature. The deviation of the binary system 
FeO-SiO, from ideal solution laws is explained by the forma- 
tion of silicon-oxygen polymers.—-S. K. 

Physical Chemistry in Steelmaking. E. T. Turkdogan. 
(Metal Treatment and Drop Forg., 1954, 21, Nov., 531-533). 
The activities of the physical chemistry section of the 
Chemistry Department of B.I.S.R.A. are outlined. The 
problems associated with the application of physico-chemical 
principles to the elucidation of slag—metal and slag—gas 
reactions are discussed. Current work includes studies of 
chromium-oxygen and phosphorus—oxygen interactions in 
molten iron, the thermodynamics of carbon dissolved in iron 
alloys, heats of formation of slag compounds, the solubility 
of nitrogen in iron and iron alloys, and the solid solubility 
of sulphur in iron and iron—manganese alloys.—pP. M. c. 


Physical Chemistry of Steel: Thermodynamics and Structure 
of Solutions in Liquid Iron. J. A. Kitchener. (Iron Steel, 
1954, 27, Oct., 473-478; Nov., 523-526; Dec., 553-556; 1955, 
28, Jan., 3-7). In reviewing present knowledge of the physical 
chemistry of liquid steel, the author first deals with the 
formal thermodynamics of the theory of solution, and then 
discusses attempts to deduce the properties of solutions by 
statistical mechanics from simplified models. He then con- 
siders experimental evidence of the structure of crystalline 
phases, dealing first with metals both similar and dissimilar 
to iron, and then at greater length with the non-metallic 
elements carbon, sulphur, silicon, and oxygen. Next the 
interaction effects between different solutes are discussed, 
and the effects of different elements on the activities and 
solubilities of carbon, sulphur, oxygen, silicon, and nitrogen 
are given. Finally, the problems of structure are considered, 
and a review is given of accumulated evidence from investiga- 
tions by X-ray diffraction, viscosity, and diffusion studies, 
electronic considerations, and electrolytic migration in certain 
solid alloys. (60 references).—«. F. 

The Application of the Manganese and Phosphorus Equi- 
libria to the Production of High-Quality Cast Steel. F. Eiser- 
mann. (Sulzer Tech. Rev., 1954, (2), 33-36). A simplified 
presentation of the phosphorus and manganese equilibria is 
used to show how the low phosphorus content required in 
high quality steels influences the movement of manganese 
between steel and slag and prevents to any extent the recovery 
of manganese.—B. G. B. 

Third Report of the Ingot Mould Sub-Committee. (Jron Steel 
Inst. Spec. Rep. No. 52, Feb., 1955). This report, by the 
Steel Making Division of B.I.8.R.A., brings up to date the 
work of the Sub-Committee on ingot-mould performance, and 
discusses the results of the practical application of the recom- 
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mendations in the earlier reports. Part I considers the relation- 
ship of mould performance to the conditions of service. 
Rapid stripping is beneficial. Car and floor casting are 
preferable to pit casting, and top running is more detrimental 
to mould life than bottom running. Part II deals with the 
chemical composition of the mould. The effects of changes 
in composition are generally small in comparison with those 
of design and service factors. Properties and conditions of 
mould iron are discussed in Part III. The normal mechanical 
properties appear to have little influence, but growth resistance 
and damping capacity are more important. Mould design is 
dealt with in Part IV and recommended principles of mould 
design are presented for moulds up to 60 in. internal cross- 
section. A progress report on a study of large moulds is 
given and current mould consumptions in the United Kingdom 
are indicated.—R. A. R. 

Increased Yields in the Production and Utilization of Killed 
Steel Ingots. ©. Duchoh. (Hutnik, (Prague), 1954, 4, (12), 
358-362). [In Czech]. Practical methods of reducing pipe 
in ingots by applying various insulating materials to the top 
of the ingot after pouring are considered, and data relating to 
the appropriate design of ingot head are given. The insulating 
material, ash, lunkerite, or other refractory, may be placed 
upon a steel sheet which is then kept on the ingot for about 
2 hr. Alternatively, a thin solid surface layer of steel may 
be produced by pouring small quantities of water on to the 
centre of the steel surface. The insulating material will then 
rest on this.—P. F. 

Steel Ladles. J. E. Lafon. (Mét. Constr. Mécan., 1954, 86, 
Nov., 813-821). The problems associated with the construc- 
tion and use of large ladles for carrying steel are discussed. 
Ordinary low carbon mild steel is suitable for making ladles 
and riveted rather than welded construction is used. The 
choice of refractory linings is considered and differences 
between American and European practice are mentioned. 
Differences in the slag analyses from open-hearth, Bessemer, 
and electric furnaces influence the choice of lining.—n. a. B. 

Development of Continuous Casting of Steel. M. P. Newby. 
(Metal Treatment and Drop Forg., 1954, 21, Nov., 506-508). 
A very brief outline is given of the early development work 
on continuous casting carried out by the physics department 
of B.I.S.R.A. at Battersea, and more recently in the Sheffield 
laboratories. Problems associated with billet breaks are 
discussed, and the culmination of this work in the jointly 
sponsored full-scale pilot plant trials at Wm. Jessop and Son’s 
Sheffield works is outlined.—r. M. c. 

Study of the Heterogeneity of Forging Ingots. P. Cattier, 
C. Dubois, J. Bleton, and P. Bastien. (Publ. Inst. Rech. Sid., 
Série A, 1953, (50), Sept.). The processes by which four 
different casts were produced in an electric are furnace, from 
a steel containing 0-30% C, 0:30% Si, 0:50% Mn, 1-60% Ni, 
0-60% Cr, < 0:0385% S, and < 0:035% P, are described in 
great detail. Forging and heat-treatment details are also 
given. Each forging was studied individually. Segregation 
was studied by chemical analysis and macrographic attack, 
followed by micrographic examination. Inclusions were 
studied with a binocular magnifying glass, and identified 
under microscopic examination. Mechanical characteristics 
were fully investigated. The four forgings are compared from 
the point of view of segregation, distribution of inclusions, 
migration of carbon under the action of phosphorus, and the 
relationship between mechanical characteristics and the 
heterogeneity of the forgings. A separate section contains 
detailed results and macro- and micro-photographs.—t. £. D. 

Non-Metallic Inclusions: I. Deoxidation Products; II. Deoxi- 
dation Products and Sulphides; III. Nitrides and Exogenous 
Types; IV. Microscopical Examination of Inclusions. H. B. 
Bell. (Iron Steel, 1954, 27, Oct., 493-499; Nov., 531-537; 
Dec., 559-564; 1955, 28, Jan., 8-10). This is a critical review 
of the literature. (233 references). 

Study on Ingots and the Yields Obtained. Dargent. (Centre 
Doc. Sidér. Cire. Inform. Tech., 1954, 11, (12), 2315-2322). 
The principle faults in ingots, and how they arise, are con- 
sidered individually. Type of steel and casting rate are of 
great importance. Data on the rolling of ingots of killed, 
semi-killed, and unkilled steels are tabulated. Quality of 
metal, and losses during rolling are included.—t. E. D. 


PRODUCTION OF FERRO-ALLOYS 


Production of Ferromanganese in the Blast-Furnace. F. 
Houdek. (Hutnik, (Prague), 1954, 4, (12), 364-368). [In 
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Czech]. The nature and supply of raw materials, production 
technology, and furnace control are considered.—P. F. 
Carbon and Graphite Electrodes Evaluated for Use in Ferro- 
alloy Furnaces. R. S. Hogue, R. L. Westlake, and G. M. 
Moga. (J. Met., 1954, 6, Dec., 1379-1382). The authors 
discuss electrode requirements and usual electrode practice 
in the submerged-are ferro-alloy electric furnace, and consider 
the desirability of graphite replacing carbon electrodes. The 
properties of the two materials are compared.—«. F. 


FOUNDRY PRACTICE 


The Hot Blast Cupola. H. Philipon. (Fonderia Ital., 1954, 
8, Oct., 451-452). The author describes the operation and 
capabilities of the ‘ metallurgical blast cupola’ in which 
reduction is greater than in conventional cupolas. The higher 
coke consumption is more than balanced by the use of lower 
grades of coke (with up to 15-20% ash), and anthracite. 


Melting down cast iron and steel scrap in the presence of 


suitable slags gives deoxidized and desulphurized irons at high 
temperatures between 1520° and 1570° C. The mechanical 
properties of the iron are claimed to be improved.—™. D. J. B. 

Recuperator for Heating the Cupola Blast. N. M. Pryadkin. 
(Liteinoe Proizvodstvo, 1954, (6), 11-12). [In Russian]. A 
recuperator is described which includes a dust-catcher. The 
blast to a cupola can be heated to 300° C. and over.—-s. kK. 

“ Warm ” Blast for Cupolas. (Foundry Trade J., 1954, 97, 
Sept. 2, 263-264). Many of the advantages of hot blast can 
be obtained with the blast heated to about 250° C., and an 
inexpensive separately fired air heater designed for this 
purpose is described. The heater, which may be fired by coke, 
gas or oil, has a thermal efficiency of 80% and is compact, 
simple to instal, and requires little attention during melting. 
The advantages claimed for ‘ warm’ blast are a coke saving 
of 15-20%, a slightly increased carbon pick-up, higher tapping 
temperatures and iron of a lower sulphur content.—Bb. Cc. w. 

Holding Blast Humidity Constant. J. L. Brooks. (Amer. 
Foundryman, 1954, 26, Dec., 41-43). The effects on cupola 
operation of changes in the moisture content of the air blast 
are reviewed and the operation of a lithium chloride solution 
type of dryer is briefly described.—s. c. w. 

Experiments in the Use of Cupolas with Water-cooled Shells. 
I. P. Nedosek. (Liteinoe Proizvodstvo, 1954, (7), 1-3). [In 
Russian]. Details are given of the construction and operation 
of cupolas having a water-cooled iron jacket welded to the 
shell to cover the melting zone.—s. kK. 

Use of Oxygen in Cupola Melting. 8S. F. Ilenko. (Liteinoe 
Proizvodstvo, 1954, (7), 32). [In Russian]. <A brief account 
is given of experiments in which oxygen was passed through 
a steel tube into the hearth of a cupola containing 25% steel 
scrap. Iron temperatures were increased and some desilicon- 
ization occurred.—-s. K. 

A Study of Gas Absorption During Cupola Melting Taking 
Into Account the Composition of the Cupola Charge. H. Siegel. 
(Fonderie, 1954, May, 3947-3951). The oxygen, nitrogen, 
and hydrogen contents of cupola metal were determined over 
several days while two different pig irons were used in the 
charge. The gas analyses are also correlated with the degree 
of oxidation of the scrap, and the porosity of the test samples. 
The oxide inclusions present in several samples were extracted 
by chemical solution and analysed to determine the per- 
centage of each oxide present. The total oxygen contents 
computed from these analyses agreed closely with those 
obtained by gas analysis.—B. C. W. 

Simple System Provides Rapid Cupola Charging. E. Bremer. 
(Foundry, 1954, 82, Oct., 116-119). The semi-mechanical 
cupola charging system employed at the Waterbury Farrel 
Foundry and Machine Co. is briefly described.—n. c. w. 

Theory of Slag-Trap ra B. V. Rabinovich. (Liteinoe 
Proizvodstvo, 1954, (7), 15-20). [In Russian]. The conditions 
facilitating the flotation ak iene of light particles con- 
tained in a heavy liquid are considered for a relatively 
quiescent and a moving liquid. The designs of a number of 
existing and proposed slag traps are critically examined. The 
following factors promote effective slag removal with reason- 
ably compact traps: Reduction of Reynolds number and 
turbulent mixing by decreasing hy draulie radius or veloc ity; 
reduction of the critical suspension velocity by increasing the 
cross-section of the trap; increased lifting force and rate of 
flotation of particles through inertia forces, be successive 
acceleration and deceleration of the stream.- 


Blowing Oxygen through Foundry Iron in “Multiple-Bath 
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Forehearths. V. A. Fuklev. (Liteinoe Proizvodstvo, 1954, (6), 
14-16). [In Russian]. Experiments are described in which 
the metal flowing from a cupola was blown with oxygen as 
it was passing through a three-bath forehearth. Data are 
given on the changes in temperature and in carbon, silicon, 
and manganese contents for various oxygen blowing rates. 
Factors influencing refractory life are considered and practical 
hints on oxygen blowing are given. A similar process is 
proposed for converting foundry iron into steel; in this case 
the forehearth has an additional (unblown) bath for de- 
sulphurization.—s. K. 

The ager of Grey Iron Castings Suitable for Vitreous 
Enamelling. C. J. Moore. (Inst. Vitreous Enamellers Bulletin, 
1954, 4, July, Pe 10). Foundry practice and design are con- 
sidered in relation to the seebaction of suitable castings for 
enamelling.—aA. D. H. 

The Correct Choice of Low-Frequency Crucible Furnace for 
the Grey Iron Foundry. K. H. Brokmeier. (Giesserei, 1954, 
41, Oct. 28, 595-598). The economic aspects of inetaliion a 
low-frequency induction crucible furnace in a grey iron 
foundry are considered. Amortization and the cost of the 
current consumed are the two main factors. The technical 
possibilities and limitations of low-frequency crucible furnaces 
are expounded. The costs of one, two, and three shift operation 
are discussed.—R. J. Ww. 

A Metallurgist’s Views on the Enamelling of Cast Iron. 
B. Thyberg. (Gjuteriet, 1954, 44, Oct., 165-169). [In Swedish]. 
In a review of the production of castings intended for enamel- 
ling, the author gives suitable charge compositions and iron 
analyses. The influence of carbon, silicon, manganese 
phosphorus, and sulphur is discussed, also the effect of shot 
blasting and moulding material on the enamelling process, 
Various enamelling defects are described and explanations 
given for their occurrence.—a. G. K. 

a in Melting Pure Iron in High Vacuum. F. 
Wever, W. A. Fischer, and H. Engelbrecht. (Stahl u. Eisen, 
1954, ‘ Nov. 4, 1515-1521). Various pure irons have been 
melted in a Geritebauanstalt Balzers vacuum furnace and 
treated to remove oxygen. Hydrogen passed over the surface 
of the molten metal reduced the oxygen content to 0-004 
0-005% but the treatment took 5 hr. To reduce this time, 
a method was developed in which hydrogen was passed 
through the melt from a porous crucible bottom. By this 
procedure, oxygen contents could be reduced to 0-004-0-01% 
in 60-80 min. Experiments on the reduction of melts with 
carbon showed that oxygen contents of 0-004°% at carbon 
contents of 0-005% could be obtained.—4s. P. 

Effect of Surface Tension on the Shape of the Graphite in 
Cast Iron. K. Griitter and B. Marinéek. (Arch. Eisenhiitten- 
wesen, 1954, 25, Sept./Oct., 447-453). The surface tension 
of grey cast iron is about 800-1100 dynes/em. in the tempera- 
ture range 1300-1400° C., and that of magnesium-treated 
spheroidal graphite iron on solidification is 1300-1400 dynes 
em. The authors confirmed by many tests that the formation 
of spheroidal graphite is closely related to the surface tension 
of the melt. Heats having a surface tension between 1100 and 
1300 dynes/em. showed eutectic graphite and graphite 
rosettes. The absence of spheroidal graphite in magnesium- 
treated iron after prolonged holding is attributed to sulphur 
pick up and to oxidation of the magnesium. Long holding 
times markedly reduced the surface tension. Spheroidal 
graphite can be formed by increasing the surface tension 
without any magnesium. In heats of high surface tension the 
resistance to crystal growth is so strong that the graphite is 
compelled to form in spheroids.—t. G. 

Malleable Melting Control. L. E. Emery. (Amer. Foundry- 
man, 1954, 26, Oct., 42-46). The various control methods 
applied to the cupola and air furnace melting practice at the 
Marion Malleable Iron Co., Marion, Ind., are described and 
discussed. A feature of the air furnace melting practice is the 
measurement of excess Oxygen and combustibles present in 
the furnace atmosphere which enables the air and coal ratios 
to be adjusted to give the required atmospheres.—n. c. Ww. 

Coercive Force: Possible Measure of Degree of Malleabliza- 
tion. D. 8. Eppelsheimer and D. 8. Gould. (Amer. Foundry- 
man, 1954, 26, Nov., 41-43). Results obtained on partially 
malleablized specimens of four commercial cast irons show 
a linear correlation between coercive force and Brinell hard- 
ness, and it is suggested that this relation, if confirmed, might 

have useful industrial applications.—s. c. w. 

David Brown and the Aircraft Industry. (Aeroplane, 1955, 
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88, Feb., 153-155). A short account of the manufacture of 
high-tensile steel castings for the aircraft industry by this 
company is given. A variety of casting techniques are used 
and special attention is paid to testing the soundness of the 
castings. Heat-resisting steels are also cast.—B. G. B. 

Aspects of Metallurgical Control in the Modern Steel Foundry. 
N. Y. Newton. (Inst. Brit. Foundrymen: Found. Trade J., 
1954, 97, Nov. 25, 625-630). The control methods used in 
the foundry of K. and L. Steelfounders and Engineers Ltd. 
are described and discussed. The aspects considered include 
process planning, melting controls, particularly those taken 
to prevent and detect pinholing porosity, and heat-treatment. 

Adopt Minimum Specifications for Steel Castings. (Foundry, 
1954, 82, Oct., 132-133). The recommended minimum 
standard for commercial carbon steel castings adopted by 
the Steel Founders Society of America is presented and 
discussed. The specification covers material and workman- 
ship, detail reqnirements, heat-treatment, repair of defects, 
methods of sampling, methods of inspection, and mechanical 
and chemical tests to be carried out.—B. Cc. W. 

What is Silica Sand? C. A. Sanders and O. J. Myers. 
(Amer. Foundryman, 1954, 26, Dec., 56-59). The nature of 
silica and sand is defined and the properties of the various 
forms of silica are briefly outlined.—-s. G. w. 

Wet Sand Reclamation. H. Chappie. (Foundry, 1954, 82, 
Oct., 112-114). The wet sand reclamation system installed 
at the National Supply Co., Torrance, Calif., is described and 
the difficulties encountered in the operation of the unit are 
discussed together with the remedies adopted. Calculation 
of sand costs before and after reclamation shows that the 
cost of the unit is almost saved in the first year of operation. 

Research Into the Use of Tannin-Base Corebinders. (Found. 
Trade J., 1955, 98, Jan. 6, 11-12). A brief report is given of 
experiments in the use of a tannin-formaldehyde resin as a 
corebinder, The resin is cheap and only requires a short 
storing time but suffers from the disadvantage of stickiness. 

Control of Sand-handling Plant. (Found. Trade J., 1954, 
97, Dec. 23, 753-754). A short description is given of the 
fully interlocked push-button motor control system installed 
at K. and L. Steelfounders and Engineers Ltd., Letchworth, 
to operate the used sand handling plant.—s. c. w. 

wer on pH Control . . . How Clay and Sand React to Soda 
Ash. . J. Barker. (Amer. Foundryman, 1954, 26, Dec., 
44-45). "The effects of soda-ash on clays are explained and 
the factors to be taken into account in controlling the pH 
of moulding sand are briefly discussed.—s. c. w. 

Practical Method of Calculation of Riser Sizes. B. Millington. 
(Found. Trade J., 1954, 97, Dec. 30, 770-773). A simple 
method for calculating riser sizes in castings is discussed. 
The diameter of the riser is given by (27' + 1) in. where T is 
the thickness of the section to be fed, and the minimum height 
by 14(27 + 1) in.—s. c. w. 

Mathematically-Designed Runner System to Eliminate 
Turbulence in Casting Cavity. J. Aston. (Found. Trade J., 
1954, 97, Dec. 30, 769-770). A patented running system 
designed to avoid turbulence in pouring and to reduce 
oxidation of the ingoing metal is described and its practical 
application discussed. The system reduces metal velocity by 
including right-angle bends in the runner with an increase in 
cross-sectional area of about one-third at each change of 
direction.—B. c. w. 

Feeding and Solidification. Part IV—Solidification Velocity 
and Time. K. Akesson. (Gjuteriet, 1954, 44, Oct., 170-179). 
[In Swedish]. The thermal properties of moulding materials 
and cast metals are reviewed and an account is given of four 
different methods for determining the rate and time of solidi- 
fication: (1) Mathematical calculation; (2) electrical analogy; 
(3) thermal analysis; and (4) the bleeding method in which 
the mould is tipped over after a certain period and any non- 
solidified metal allowed to run out. The thickness of the 
solidified layer is then measured.—e. G. K. 

Ford Compaction Moulding. A. R. Parkes. (Foundr y Trade 
J., 1954, 97, Sept. 2, 255-260). A step by step illustrated 
description is given of the process of compaction moulding 
used by the Ford Motor Co. for the production of rocker-arm 
castings in pearlitic malleable iron. In this process a heated 
metal bottom-half corebox is filled with resin/sand mixture 
to above the top and a heated top-half corebox is then 
squeezed down to compact the mixture and to close the 
assembly. After baking in the boxes the cores, which have 
a top-half impression on one face and a bottom-half impression 
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on the other, are removed and fitted together to form stack 
moulds. The moulds burst into flame on pouring and dis- 
integrate not long after solidification is complete. As compared 
with normal green sand moulding the new process is claimed 
to show worthwhile economies.—B. Cc. Ww. 

Automatic Molding Machines Speed Engine Block Produc- 
tion. (Foundry, 1954, 82, Oct., 152, 154, 156). Details are 
given of the two automatic moulding machines used by the 
Flint, Mich. foundry of Buick Motors Division, General 
Motors Corp., for the production of green sand moulds for 
engine cylinder blocks. The machines, which make either cope 
or drag, have four stations and include an indexing spider 
that carries the moulds from station to station. Each machine 
only requires one man and at present produces 180 moulds/hr. 

Automation in Core Making. C. W. Hockman. (Amer. 
Foundryman, 1954, 26, Dec., 36-40). The two automatic 
core blowing machines recently installed in the foundry of the 
Cadillac Motor Car Division of the General Motors Corp., 
Detroit, are described and their operation is discussed. Each 
machine consists of a special core blowing mechanism and 
rollover-draw apparatus interlocked with a five station 
indexing turntable. The machines have raised production 
per man-hour, decreased the costs of production, and improved 
core and casting quality.—B. Cc. w. 

Founding of Marine Propellers. J. M. Langham. (Foundry 
Trade J., 1954, 97, Sept. 23, 343-348; Sept. 30, 387-394; 
Oct. 7, 413-416). A comprehensive review of current methods 
of manufacturing marine propellers with particular reference 
to the foundry techniques developed by J. Stone and Co., 
Charlton, for casting bronze propellers. Cast iron and stainless 
steel propellers are briefly considered.—s. c. w. 

Recent Developments in Centrifugal Casting. H. Dettela. 
(Berg u. Hiittenmainn. Monatsh., 1954, 99, July, 121-132). 
Development, principles, and methods of centrifugal casting 
are described. Quality and properties of centrifugal castings 
are discussed.—r. Cc. 

Burlington Centrifugal Casting. (Z'ecn. Indust., 1954, 32, 
Dec., 1420). [In Spanish]. The advantages and uses of 
refractory coated moulds for the centrifugal casting of long 
pipes in steel and cast iron are described briefly.—p. s. 

Air-cooled Engine Manufacture. (Found. Trade J., 1954, 
97, Nov. 25, 637-638). Recent German developments, in 
particular by Alfred Teves, K.G., Frankfurt-on-Main, in the 
centrifugal casting of bimetallic cylinders for air-cooled 
engines are briefly described. The cylinders have cast-iron 
walls with thin staggered blade fins in copper on the outside. 

Designers Get Out of a Pickle with Dual-Metal Centrifugal 
Casting. A. E. Schuh and M. L. Samuels. (S.A.H. J., 1954, 
62, July, 33-37). A process has been satisfactorily developed 
by the United States Pipe and Foundry Co. for producing 
hollow cylinders with outer and inner zones of dissimilar 
metals. The two metals are admitted to the centrifugal casting 
machine separately, and a true metallurgical bond is assured. 
Details of the process are not given, but several examples 
illustrated by macro- and micro-sections are described. These 
include grinding rolls with outer and inner zones of white 
iron and grey iron respectively, mixer bowls with steel outside 
and white iron inside, textile rolls with stainless steel outside 
and grey iron inside, and various other combinations.—P. M. c. 

Ps ag Features of the Crystallization of Centrifugal Castings. 

. I. Baikov. (Litetnoe Proizvodstvo, 1954, (6), 20-23). [In 
Rasian}. From a consideration of factors influencing the 
crystallization of centrifugal castings, it is concluded that 
thermal flow producing directional crystallization, rather than 
centrifugal force, is the dominating factor.—-s. kK. 

Automatic Core Making. H. Eriksson. (G@juteriet, 1954, 44, 
Nov., 193-195). [In Swedish]. Details are given of the semi- 
automatic production of 240 cores/hr. for use in the centrifugal 
casting of pipes. Four different core sizes are made for 2} 
to 6-in. pipes, only two men being employed. The core sand 
is dried in a rotary furnace and then immediately cooled to 
room temperature. The cores are blown in an automatic core 
blower, are automatically stripped and then baked in a 
continuous dielectric heating oven. To blow and dry a core 
takes only 5 min.—. G. K. 

Shell Molding Made Easy with Existing Equipment. 
Announcing the “D” Process. (Mod. Foundry, 1954, (1), 
1-14). A new process for the forming of shell moulds, cores 

r ‘ biscuits’ has been developed in the U.S.A.—p. M. c. 

Precision Casting Techniques and Their Application. 
T. Klingenstein. (Metall, 1954, 8, Dec., 915-922). The 
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precision casting methods described comprise the Croning 
method, various plaster of Paris methods, and the Shaw, 
mercury, and lost-wax methods. Procedures and products 
are explained and illustrated. Data on dimensional accuracy 
are given. Only the Shaw and lost-wax methods can compete 
with finishing by machining. The former is suitable for small 
batch orders, while the latter has far the greater possibilities. 

Italian Malleable Foundry Designed and Equipped from 
Britain. (Foundry Trade J., 1954, 97, Sept. 30, 383-385). 
The layout and equipment of the new malleable iron foundry 
nstalled by the Societa per |’Industria e l’Electricita ‘“‘ Terni ”’ 
of Terni, Umbria, is briefly described.—ns. c. w. 

Modern Design Characterizes New Fairbanks-Morse Foundry. 
W. G. Gude. (Foundry, 1954, 82, Oct., 104-111, 188, 190-191). 
A description is given of the new foundry of Fairbanks, Morse 
and Co., Ltd., Kansas City. The equipment includes the 
pneumatic delivery of core sand, overhead conveying of hot 
castings, enclosed cupola charging, and the liberal use of 
ventilation and exhaust equipment.—s. c. w. 

Schedules for Maintenance Work in Foundries. (Gjuteriet, 
1954, 44, Nov., 187-191). [In Swedish]. Details are given of 
maintenance schedules operated by the Sheepbridge Engineer- 
ing Co., for all machinery, Norrahammars Bruk for sand 
preparation, Swedish General Electric Co. for truck main- 
tenance, and a further scheme for centrifugal casting machines. 
It is impossible to apply any one schedule to all foundries. 

Oscillographic Method of Measuring the Speed of Movement 
of Metal in a Mould. T. I. Orlova. (Liteinoe Proizvodstvo, 
1954, (7), 25-27). [In Russian]. In the method described, the 
speed of movement of metal in a mould is obtained by 
arranging electrical contacts, connected to an oscillograph, 
in the path of the metal.—s. xk. 

Accidents in Foundries. (Found. Trade J., 1955, 98, Jan. 6, 
15-18). An extract from the Annual Report (1953) of the 
Chief Inspector of Factories in which the foundry accidents 
in 1953 are analysed and discussed in terms of their causes. 


HEATING FURNACES AND SOAKING PITS 


Design and Operation of Oil Fired Furnaces. J. M. Austin. 
(J. Inst. Prod. E'ng., 1954, 38, Oct., 544-555, 569). A detailed 
illustrated account of a wide range of oil-fired furnaces is 
given and the advantages and disadvantages of particular 
designs are considered. The furnaces are mainly of the type 
suitable for drying, annealing, carburizing and reheating 
ingots for forging and rolling. Furnaces for melting metals 
are not considered.—2s. G. B. 

Gas v. Oil v. Gas-Oil for Forging. R. J. Reed. (Steel 
Processing, 1954, 40, Oct., 653-660). Details are presented 
of a comprehensive study of the relative merits of gas, oil, 
and gas-oil mixtures for bar heating for forging. Tests under 
practical shop conditions were made with both continuous 
and slot type furnaces, data being collected on production 
rates, fuel efficiency, quality of product, and forging die life. 
No case was found where a change in fuel alone resulted in an 
appreciable improvement in any of the above criteria.—p. M. c. 





Corrigendum 


In the seventh abstract in the right-hand column of 
p. 381 of the Journal for April, 1955, entitled ‘‘ Heating 
Rolling Mill Furnaces,” the author’s name is incorrectly 
given. It should read “‘ Hautcolas.”’ 











On the Utilization of Induction Heating in Forging. J. 
Minssieux. (Usine Nouvelle, 1954, 10, Oct. 28, 30-31). The 
advantages of induction heating in forging are listed. The 
requirements of an induction furnace for any particular pur- 
pose are discussed, and frequency of the generator, shape of 
the coils, and power consumption are considered separately. 
The type of works in which induction furnaces have been 
installed is described.—t. E. D. 

Contribution to the Study of the Heating Cycle of Special 
Steels in Pusher Type Rolling Mill Furnaces. M. Boutin. 
(Centre Doc. Sidér. Circ. Inform. Tech., 1954, (10), 1931-1944). 
The influence of heating on the quality of rolled products, 
especially with special steels, is emphasized. The operating 
characteristics of heating furnaces in several works are 
compared, and the effect of rate of heating of ingots is shown. 
Fuel requirements and the control of atmosphere in the 
furnaces are considered. Recommendations on the choice of 
furnaces for particular applications are given.—r. E. D. 
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Flow Conditions and Heat Balance in ws Soaking Pits. 
A. Schack. (Stahl u. Eisen, 1954, 74, Nov. 4, 1502-1507: Iron 
Steel Inst. Translation Series No. 499, 1955). The flow patterns 
in one-way and two-way fired soaking pits are described. 
To obtain uniform temperature distribution in a top-fired 
pit it is necessary to have a strong circulation of the furnace 
gases about a horizontal axis. Tests have shown that this 
can be achieved and have stressed the importance of rapid 
combustion brought about by high jet momentum flux.—4. P. 


HEAT-TREATMENT AND 
HEAT-TREATMENT FURNACES 


Plate Heat-Treating Line to be Installed at Lukens Steel. 
(Iron Steel Eng., 1954, 31, Nov., 164). A brief description is 
given of the largest continuous plate heat-treating line in the 
world. It will handle plates up to 172 in. wide by 3 in. thick 
by 480 in. long.—m. D. J. B. 

Transformation of Residual Austenite in Tool Steels by 
Sub-Zero Treatment. P. Lombardi and U. Marturano. (Met. 
Ital., 1954, 46, Sept., 317-322). The authors examine methods 
of obtaining the complete transformation of austenite into 
martensite in tool steels. The most suitable treatment consists 
of the repeated alternate treatments at low temperature and 
heating to 560°C. This should give a tool life 300% longer 
than that obtained with conventional treatment.—m. D. J. B. 

Some Considerations on the Action of Energizers in Solid 
Carburizing Agents. H. Schrader. (Tisco, 1954, 1, Oct., 147- 
156). Experiments carried out with a charcoal base and 
energizer additions of 10% and 40% by weight confirmed that 
the energizing effect of CaCO, is marke dly lower than that of 
BaCO,. CaO and BaO were respective ly less effective than 
CaCO, and BaCO,. A 40% addition was only moderately 
more effective than 10%. Free nitrogen was found to be a 
very effective energizer and maximum nitrogen absorption 
took place at 700° C. In alloy steels, especially those containing 
Mo, nitrogen-containing energizers produced excessive car- 
burization.—R. A. R. 

The Kinetics of Carburizing Steel with a Hydrogen-Methane 
Mixture. G. Collette and L. Jacqué. (Compt. Rend., 1954, 
239, Oct. 18, 968-970). The influence of carbon content of 
steel, concentration of CH, in the H,-CH, mixture and of 
temperature, on the speed of gas carburization of steel are 
discussed.—«. E. D. 

Some Experiences with Commercial Gas-Carburising Equip- 
ment—Techniques Employed to Ensure Satisfactory Cases. 
H. C. Thomas. (Metal Treatment and Drop Forg., 1954, 21, 
Oct., 445-452, 455). Pit, rotary drum, and continuous scroll 
type gas-carburizing furnaces are described, and difficulties 
involved in successfully running this type of equipment are 
discussed. The plant under review is used for carburizing 
roller bearing components of low-carbon alloy steel by British 
Timken Ltd. The carburizing fluid is 20% benzol and 80% 
isopropanol. Methods of checking case de »pths and the general 
scheme of control adopted by the Timken Co. are described. 

Improving Treatment for Obtaining the Best Resistance to 
Ageing Phenomena in Overhead Crane and Crane Hooks. 
N. Ansay. (PACT, 1954, 8, Aug., 335-337). A suitable heat- 
treatment is suggested, as follows: (1) Milling of the hook 
surface after forging or casting to eliminate surface faults; 
(2) reheating to homogenize; (3) reheating at above the Ac, 
transformation temperature, until the whole hook is at the 
same temperature; and (4) reheating below the transformation 
temperature, and air-cooling.—tT. E. D. 

High Frequency Electric Induction Furnaces. W. Johnstone 
and F. McLeish. (Elect. Rev., 1954, 155, Oct. 29, 677-680). 
The theoretical basis of induction heating is outlined, and a 
brief description is given of the principles of the spark gap 
oscillator, motor generator, the thermionic valve oscillator 
and surface induction hardening.—t. D. H. 

Induction-Heating Equipment for Hardening Connecting 
Rods. K. Flick. (Elektrowdrme-Techn., 1954, 5, Dec., 249- 
251). A 25-kW. high-frequency furnace for the semi-automatic 
hardening of connecting rods up to 24 in. in dia. and 1-2 in, 
deep, is described, and three alternative methods of hardening 
are considered.—P. F. 


FORGING, STAMPING, DRAWING AND PRESSING 


The Evolution of the Processes for Forging Large Crankshafts. 
M. Puebla Camino. (Inst. Hierro Acero, 1954, 7, Oct./Dec., 
415-435). [In Spanish]. A profusely illustrated review of 
industrial large-scale forging technique is given with particular 
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reference to crankshaft manufacture. Desirable casting, 
soaking, and heat-treatment practices are discussed.—?. s. 

Counterblow Hammer versus Drop Hammer, A Comparison. 
J. L. Lebach and E. Sammett. (Steel Processing, 1954, 40, 
Sept., 557-563). This comparison is made from the points 
of view of actual forging capacity, efficiency and operational 
features, and maintenance. It is concluded that whilst the 
counterblow hammer does not replace the smaller con- 
ventional board and steam drop hammers, it does fill the gap 
between these and hydraulic presses for more economical 
and better forging of large parts and intricate shapes. In 
addition, the actual forging capacity per total weight for the 
drop hammer is less than half of that for the comparable 
counterblow hammer.—?. M. Cc. 

The New Armaments Works of Cormelles-le-Royal. Equip- 
ment and Operation of the Works. de Gunzbourg. (Usine 
Nouvelle, 1954, 10, Nov. 4, 12-13). The works was constructed 
to permit the fulfilling of U.S. ‘‘ off-shore ”’ orders for Western 
defence. The plant was built between June 1953 and April 
1954. The steps in construction are outlined, and the equip- 
ment, which includes that for heat-treating, forging, pressing, 
and machining, is described.—r. E. D. 

New Compressor Station at No. 1 Duisburg Works of DEMAG. 
A. Tries and E. Schmidt. (DEMAG News, 1954, (135), 19-27). 

Fluid Dies Bulge Shells and Form Ornamental Designs. 
8. R. Cope. (Machinist, 1954, 98, Oct. 29, 1930-1933). Shells 
are frequently bulged by filling them with a liguid and dis- 
placing the fluid with a close fitting plunger to bulge the metal 
out against the walls of a split die that encloses the work. 
The design of the dies, their operation and the use of built-in 
reservoirs and automatic metering is described.—xm. A. K. 

The Die-Pressed Piston Ring—A New Manufacturing Method. 
W. Gerecke. (Giesserei, 1954, 41, Nov. 25, 646-647). The 
die-pressing of the top piston ring for aircraft diesel engines 
is described. The plastic cold deformation required is discussed 
and the manufacture of a die-pressed piston ring is dealt with. 
The advantages of die pressing and machining are enumerated. 

The Hydromatic Drawing Process. M. Nickels. (Z.V.d.J., 
1954, 96, Dec. 11, 1165-1167). The hydromatic deep drawing 
process is described, and experiments are quoted showing its 
superiority over conventional methods. Contrary to other 
hydraulic deep-drawing methods, the hydromatic (or Cin- 
cinnati) process places the blank in direct contact with the 
fluid. The tool consists of a container of the desired shape 
of the finished part which is filled with water, with a lid 
designed so that its sealing gland also serves as blank holder, 
and recessed to admit high pressure water which presses the 
blank into the lower container from which the low pressure 
water is allowed to drain through a control valve. The 
quoted experimental findings indicate that deeper draws are 
possible owing to the absence of punch and die friction and 
of local folds and bulges because of the restraining action of 
the low-pressure water. The press is described.—3s. c. w. 

High Speed Techniques Extend Applications of Rotary and 
Press Swaging. J. E. Hyler. (Iron Age, 1954, 174, Sept. 2, 
112-114). Refinements in rotary and press type swaging 
machines enabling small parts to be formed in novel ways 
and dealt with faster and more efficiently are described, with 
illustrated examples.—D. L. C. P. 

Design Possibilities for Automatic Spinning. F. L. Banta. 
(Product Eng., 1954, 25, Nov., 188-192). Development of 
spinning techniques has been such that the process is now 
widely used for the production of steel, stainless steel, and 
high alloy shapes. Owing to the high pressures and speeds 
required, spinning for small production runs can be costly 
but may compare favourably with deep drawing where several 
draws with intermediate anneals are required. Forming from 
the blank down to a conical form with 10° half angle can be 
achieved; with increasing deformation there is a decrease in 
wall thickness which at the above angle is 83% for type 446 
stainless steels.—a. M. F. 

Controls and Safety Devices of Heavy Presses with Particular 
Reference to the Air Force 25,000-Ton-Capacity Press. E. V. 
Crane and W. R. Jackson. (Mech. Eng., 1954, 76, Aug., 
636-639). The principles of the control systems chosen and 
safety devices incorporated in heavy forging presses are 
described with particular reference to the 25,000-ton press of 
the U.S. Air Force.—p. H. 

A Mechanical Extrusion Press for Producing Tubes and 
Bars. A. L. Thurman. (Jron Steel Eng., 1954, 31, Nov., 
64—73). The author describes a new 2200-ton press designed 
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to extrude a 250-lb. billet to produce small diameter seamless 
tubing in practically all grades of steel.—m. D. J. B. 

Mouldable Polythene Solved this Tooling Problem. W. B. 
Kidd. (Machinist, 1954, 98, Oct. 29, 1923-1924). Methods 
used at Autolifts and Engineering Co., Ltd., in overcoming 
economic and technical problems in making dies for large 
vehicle body panels needed in medium quantities are described. 
An ethylene polymer resin was used to make the upper die on 
account of its characteristics which include strength, tough- 
ness, resilience, and yet is easily shaped. Lower tonnage and 
mechanical presses could be used because such a material 
does not require a high pressure over the whole working area. 
Kirstite was used for the bottom half of the die.—m. a. k. 

New Erichsen Deep-Drawing and Lacquer-Testing Machine. 
(Sheet Metal Ind., 1954, 31, Dec., 1012-1014). The standard 
Erichsen cupping-test is briefly described, and details and 
illustrations are given of various accessories and new test 
methods and machines for extending the scope of sheet metal 
testing. These include the application and measurement of 
blank holding pressures, and a lacquer-testing machine fitted 
for electric insulation breakdown testing.—P. M. c. 

Profile-Drawing of Metals Between Freely-Rotating Rollers. 
G. V. Zyuzyukin. (Stanki i Instrument, 1954, (7), 35). [In 
Russian]. A very brief account is given of a method of 
producing bars of unusual section by drawing through 
suitably shaped and mutually adjustable rollers.—s. K. 

*“* Hot Squeeze ” Extrusion of Alloy Steel Shapes Perfected 
by Harvey, Cuts Machining Costs. (Western Metals, 1958, 11, 
Dec., 44-46). At the works of Harvey Aluminium, Torrence, 
California, a 1650-ton hydraulic horizontal press has been 
developed for the extrusion of alloy steels at temperatures up 
to 2300° F. Ni-Cr—Mo and stainless steels have been extruded 
into T bars and other shapes.—R. A. R. 

The Use of Photoelasticity to Improve the Work in Our 
Bar Drawing Shop. E. Dorling and Schulze. (Technik, 1954, 
9, Nov., 631-634). Investigations of stresses in bar drawing 
by means of photoelastic stress analysis of die models are 
reported. The frozen stress technique was applied to: round 
bars made of plastic of the phenol-formaldehyde group. 

Hard Bronze Draws Stainless without Scratches. A. Walz. 
(Machinist, 1954, 98, Nov. 5, 1972-1975). Bronze wear inserts 
for drawing and forming dies are not new, but a recently 
developed alloy (Ampco 24) has a life averaging two to five 
times that of conventional die bronze and produces better 
results. Its performance in drawing and forming stainless is 
described together with some special problems encountered. 

Stresses in the Manufacture of Wire. J. Saxl. (Draht, 
German ed., 1954, 5, Sept., 348-350). The Saxl wire tension 
meter, manufactured by Tensitron Inc., Harvard, U.S.A., is 
described, and a table of permissible operating tensions for 
annealed copper wires is quoted.—J. G. w. 

New Multiple Wire-drawing Machine with Reduced and 
Controlled Slip of the Wire in Stages. W. Nacken. (Draht, 
Engl. ed., 1954, Oct., 43-45). Slip-cone machines manu- 
factured by Maschinenfabrik Niehoff, nr. Niirnberg in 
Germany are described. The underlying principle of mini- 
mizing slip by adjustment of cone speed is explained.—s. a. w. 

The Organisation of Production Control As an Aid to 
Efficiency in Wire Mill Management. H. Morley. (Frederick 
Smith d& Co. Wire Manufacturers Ltd., Staff School Lecture, 
Sept. 29, 1954). 

Soaps for Wire Drawing. H. F. Frost. (Wire Ind., 1954, 
21, Dec., 1199-1201, 1225). The author summarizes current 
theories of boundary lubrication and relates them to lubrica- 
tion practice in wire drawing. He draws attention to 
Christopherson’s experiments with hydrodynamic lubrication 
in wire drawing and to soap flow phenomena. A simple 
qualitative test for measuring the flow properties of soaps 
is described.—J. G. w. 


ROLLING-MILL PRACTICE 


Structures of Chilled Iron Rolls. J. Jastrzebska and W. 
Haczewski. (Prace Instytutow Ministerstwa Hutnictwa, 1954, 
6, (4), 157-169). [In Polish]. The structures of chilled iron 
rolls of Polish and German manufacture for use in thin sheet 
hot rolling mills were determined. A classification of structures 
of rolls produced in Poland is given. The optimum micro- 
structures for the core and chilled surface were established 
for Polish rolling-mill practice. The structural components 
of the chilled surface layer are discussed.—v. a. 
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Mechanical Features of Modern Bar and Rod Mills. E. C. 
Peterson. (Iron Steel Eng., 1954, 31, Nov., 103-108). The 
author describes new mechanical features of bar and rod 
mills which are contributing to improve performance. 

Sendzimir Planetary Hot Mill: Some Mathematical Observa- 
tions on Its Operation. J. H. Mort. (Iron Steel, 1954, 27, 
Sept., 451-455; Oct., 486-490). The author compares the 
Sendzimir planetary hot mill with more conventional methods 
of strip and sheet production and presents some mathematical 
observations on various aspects of the process, including roll 
speeds, thickness reduction and slab speeds, time in bite and 
pass frequency, displacement and rolling rate, and energy 
expenditure.—c. F, 

The Sendzimir Cold Strip Mill. H. Bischoff. (Z. Metallkunde, 
1954, 45, Aug., 464-468). The construction and layout of a 
typical Sendzimir cold strip mill is described.—t. pD. H. 

Production of Hot Rolled Wide Strip, with Particular 
Reference to the Steckel Mill. H. Winterkamp. (Stahl u. 
Eisen, 1954, 74, Nov. 4, 1492-1502). Methods used at several 
American plants for producing hot rolled steel strip are 
described and compared. The types of steel employed, soak- 
ing-pit and slabbing procedures, slab heating furnaces, and 
hot rolling mill operation are described. Methods of testing 
and production planning are discussed.—J. P. ; 

Layout and Operation of a New Strip Mill at Miilheim 
(Ruhr). J. Achtelik. (Stahl u. Eisen, 1954, 74, Dec. 30, 
1767-1773). A new, 13-stand, semi-continuous strip mill at 
Rheinische Réhrenwerke, Miilheim, has been in operation 
since July 1953. Flats 100-400 mm. wide and 8-30 mm. thick 
and strip 100-320 mm. wide down to 1-5 mm. thick are 
produced at a rate of 2000-3000 tons per month for flats and 
10,090-—12,000 tons for strip. Layout and operation of the mill 
are described, including those of the ancillary departments. 
The author discusses certain shortcomings, particularly those 
of the driving sets. He claims that the semi-continuous design 
of the mill suits their requirement best and stresses the low 
capital outlay as compared with that of a continuous mill. 

The Manufacture of Seamless Tubes in Plain Carbon or 
Alloy Steels. J. Dauvergne. (Doc. Mét., 1954, July/Aug./ 
Sept., 117-129). The history of tube piercing is briefly 
reviewed and the various stages in the production of seamless 
tubes are described in detail. The Mannesmann, Stiefel, and 
Babcock and Wilcox processes are considered together with 
the intermittent and continuous rolling of tubes. The straight- 
ening, cold drawing, and heat-treatment of tubes are briefly 
discussed and the importance of alloy steels in their production 
is outlined.—s. c. w. 

Modern Temper Mill Drive. (Hngineer, 1954, 198, Dec. 31, 
909-911: Electrical J., 1954, 158, Dec. 31, 2076-2077: Engineer- 
ing, 1954, 198, Dec. 31, 909-911: Metallurgia, 1954, 51, Jan., 
29-32: Electrical Times, 1955, 127, Jan. 6, 22-24). A control 
scheme is described for maintaining strip tension in a new 
21-in., single-stand, four-high, temper mill at The Courtybella 
Works of The Whitehead Iron and Steel Company, Ltd. 
Control of this mill is exercised through a Ward Leonard 
system operating in conjunction with control exciters. 

The Use of Technical Statistics in Time Allowances. H. 
Wellnitz and H. Wege. (Arch. Hisenhiittenwesen, 1954, 25, 
Sept.-Oct., 499-506). A mathematical treatment of time 
allowances in rolling-mill operations based on actual time 
studies is described. The time allowances are not constants 
but functions of various factors such as degree of difficulty in 
rolling, weight of ingot and final cross-section. The accuracy 
of the method in predicting time allowances is higher than 
that of the original time studies.—tr. a. 


MACHINERY FOR IRON AND STEEL PLANT 


Electrical Equipment. L. N. Bramley. (Metal Treatment 
and Drop Forg., 1954, 21, Nov., 513-516, 524). The work of 
the Electrical section of the Plant Engineering Division of 
B.1.8.R.A. is described.—?. M. c. 

Rod Coil Handling at Continental Steel Co. W. Boehm. 
(Iron Steel Eng., 1954, 81, Nov., 167-168). The coil handling 
system at Continental Steel Co. is described. This includes a 
drag conveyor 240 ft. long, a coil transfer between drag and 
hook conveyor, a hook conveyor 1400 ft. long of which 900 ft. 
is loaded and 500 ft. is return run, and an automatic coil 
unloader.—. D. J. B. 

Experience Gained in the Inspection of Low-Pressure 
Centrifugal Compressors in Iron and Steel Works. M. Hansen. 
(Stahl u. Eisen, 1954, 74, Dec. 30, 1773-1777). The author 
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describes improvements that can be made in the operation of 
low-pressure centrifugal radial and axial compressors by 
applying the correct aerodynamic principles in each case. He 
quotes cases in which considerable savings in power could be 
obtained. The indirect or jet method is often superior to 
direct-driven gas exhausters where hot or dust-bearing gases 
are involved.—t. a. 

A Quick Shift. The Installation of a 20” « 30’ Hydraulic 
Down-and-Upcutting Hot Bloom Shear at Cargo Fleet Works. 
H. Dyson. (Anvil, 1954, 3, (7), 4-7). An account is given of 
the dismantling of an old shear and its replacement by new 
plant. By pre-erecting the new shear in an adjacent site, and 
skidding the plant into position, it was possible to complete 
the work during holidays without interrupting production. 

Magnetic Separators and the Handling of Steel Sheets. 
(Usine Nouvelle, 1954, 10, Nov. 18, 63-65). The principles of 
magnetic separators for sheets of iron or steel lying horizontally 
and for those standing vertically, are described and illustrated. 
Several particular cases are mentioned, amongst them the 
combination of mechanical and magnetic methods, and the 
separation of very large sheets of tinplate.—rT. E. D. 

Charging Machine for Small Open-Hearth Furnaces. A. I. 
Roitenberg. (Litetnoe Proizvodstvo, 1954, (7), 14-15). [In 
Russian]. 

Extensions to Electrical Generating and _ Distribution 
Systems at Bethlehem’s Sparrows Point Plant. H. D. Ruger. 
(Iron Steel Eng., 1954, 31, Nov., 133-136). The author des- 
cribes recent additions at Sparrows Point; these include office 
buildings with two 450-kVA. transformer banks, a coke-oven 
sub-station with a 1000-kW. mercury are rectifier, a gas 
pumping station, an electrical repair shop, a sinter plant with a 
1000-kW. mercury arc rectifier, large synchronous motors, and 
a blast-furnace sub-station.—m. D. J. B. 

Relation between Maintenance, Exchange of Experience, 
and Standardization. K. Herrmann. (Stahl u. Eisen, 1954, 74, 
Nov. 4, 1510-1515). The problems of ensuring maximum 
operation of the machinery in iron and steel works necessitate 
careful and planned maintenance and repair work. The value 
of standardization and interchange of ideas between various 
departments is stressed.—J. P. 


WELDING AND FLAME-CUTTING 
The Metallurgy of Welding. J. Hinde. (Brit. Welding J., 


1955, 2, Jan., 26-31). The more important aspects of the 
metallurgy of welding are described, chiefly for those whose 
connection with welding is not primarily metallurgical. The 
nature of the structure of a metal is outlined and the metallur- 
gical methods available for examining the structure of a 
welded point and of determining its effect on the final 
properties of the weld are given. Mention is made of the 
conventional methods of weld inspection. The important role 
of the flux in the various welding processes is described. 
Some common weld defects are considered with emphasis on 
the metallurgical causes of cracking.—v. E. 

Bare Wire to “ Coilex.”? D. B. J. Thomas. (Welder, 1954, 23, 
July/Sept., 182-186). ‘‘ Coilex ” is the new Murex continuous 
extruded electrode for D.C. automatic are welding. The elec- 
trode consists of a single inner layer of mild steel wire of 
small diameter and four outer layers of mild steel wire also 
small in diameter. These are wound in opposite directions 
round a central solid core wire of mild steel, the whole being 
coated with a basic flux leaving the outer surface of the outer 
layer exposed for electrical contact with the current carrying 
jaws.—v. E. 

Arc Welding Equipment of Powder Metals. A. Sill, jun., and 
C. C. Mathias. (Welding J., 1954, 38, Sept., 842-846). An 
investigation was carried out on the embrittlement of are 
welded powder metals. Excessive grain growth was encoun- 
tered in normal are welding of electrolytic powdered iron 
bushings to a low-carbon plate. When iron—-copper powder 
metal bushings were welded to a low-carbon plate a brittle 
iron-copper grain boundary constituent was observed.—v. E. 

The Effect of Nitrogen in Arc Welding. W. Hummitzsch. 
(Stahl u. Eisen, 1954, 74, Dec. 16, 1723-1730). At the tem- 
peratures measured when are welding steel (5030-5050° C.) 
approximately 10% of the atmospheric nitrogen dissociates, 
and the atomic nitrogen reacts with weld metal. The amount 
of nitrogen absorbed by the molten steel depends very much 
on the type of electrode. The amount of nitrogen in the liquid 
weld metal was much higher than that expected from its 
partial gas pressure. This is explained by the fact that, at the 
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are temperature, there was more nitrogen present than that 
shown by the equilibrium diagram. Much nitrogen is released 
as the metal solidifies, but much is nevertheless retained. 
Titanium- or zirconium-bearing steels form solid solutions of 
titanium and zirconium nitrides and carbides. Nitrogen in the 
weld metal affects ageing, strain-ageing, and notch-sensitivity 
unfavourably. Mechanical strength at elevated temperatures 
and creep are strongly affected by the presence of the almost 
insoluble nitrides of titanium and zirconium. Cr—Mo steel 
welds, containing small quantities of titanium from the 
electrode coating, and Ta—Nb ferritic steel welds resist stress- 
corrosion.—T. G. 

How Can Porous Welds Be Avoided? P. E. Petersen. 
(Dansk Tekn. Tidsskr., 1954, '78, Nov., 291-296). [In Danish]. 
A review of factors governing weld quality deals with the 
characteristics of organic, rutile and basic electrode coatings, 
their slag forming tendencies and the nature of the gases 
liberated. The process of bubble formation as governed by 
the solidification front is discussed together with the influence 
of liberated hydrogen, oxygen, and nitrogen on pore formation. 
Further sections deal with effects of surface impurities in the 
basic metal, electrode coating moisture content, and porous 
welds due to incorrect current, wrong are length, moist 
coatings, and incorrect welding speed.—e. G. K. 

Iron Powder Electrodes and their Application. J. Hinkel. 
(Welding J., 1954, 38, Sept., 847-854). The properties and 
uses of rutile plus iron powder electrodes are discussed. 
Compared with conventional electrodes, the rutile electrode 
will give 50% faster performance, are blow conditions are less 
severe and the ductility and impact strength properties of the 
weld deposit are very good.—v. E. 

The Arc-Air Process. M. D. Stepath. (Welding J., 1954, 38, 
Sept., 860-864). The arc-air process is described. The method 
is essentially the melting of a metal with an electric arc and 
simultaneously mechanically removing the molten metal by 
means of a high velocity air jet external and parallel to the 
electrode. Test data on welds by this process are given.—vU. E. 


MACHINING AND MACHINABILITY 


Introduction to High Speed Photography of Transient 
Phenomena (Chip Formation) As Observed on a Slow Speed 
Time Scale at the Machine Tool Laboratory of the Swiss 
Federal Polytechnical School. E. Bickel. (Microtecnic, 1954, 8, 
(4), 210-211). 

Machinability of Stainless Steels. I. P. Efremov and I. G. 
Shneider. (Stanki i Instrument, 1954, (8) 13-15). [In Russian]. 
The machinability of two stainless steels in several machining 
operations and under various conditions was investigated, 
with special reference to the quality of surface produced. In 
external turning, the cutting speed and the type of coolant 
had little effect on surface quality. In boring, high cutting 
speeds affected surface quality adversely, the quality also 
depending on the length/diameter ratio of the hole. Internal 
and external thread-cutting was also studied.—s. k. 

A New Tool Post for Roll-Turning Lathes. H. Sedlacek. 
(Stahl u. Bisen, 1954, '74, Nov. 4, 1544-1545). The flexing and 
vibration of roll-turning tools can be prevented by a new tool 
post in which a number of steel laminations give additional 
support to the tool along its whole length. The increased 
cutting speed and depth save much machining time (up to 
90%).—J. P. 

Modern Methods of Metal Processing, Particularly by 
Electro-Erosion. J. Hinniiber and O. Riidiger. (Techn. Mitt. 
Krupp, 1954, 12, (5), 107-113). An outline and critical survey 
is given of modern physical, chemical and electrical methods of 
machining metals by erosion. Particular attention is given to 
the use of the electric arc and the spark discharge in the 
machining of hard metals.—t. D. H. 

Spark Erosion, an Important Technique for the Modern 
Manufacture of Hardened Steel and Hard Metal Tools. K.-E. 
Baldauf. (Draht, German ed., 1954, 5, Nov., 421-425). After a 
brief description of other novel machining techniques com- 
prising vacuum-electron bombardment drilling, ultrasonic 
and are drilling, the spark erosion technique and its applications 
with Spareatron equipment are described.—J. G. w. 

Investigations on the Milling of Structural Steel and on the 
Effect of the Microstructure on the Machinability. H. Opitz. 
(Forschungsberichte des Wirtschafts- und Verkehrsministeriums 
Nordrhein- Westfalen, No. 86, pp. 96, 1954. Westdeutscher 
Verlag). Three machining investigations are reported: (a) 
Six plain carbon steels were milled with carbide-tipped milling 
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cutters in order to establish the effects of the steel composi- 
tion and melting procedure on the machinability; (6) Thread- 
cutting tests with carbide-tipped chasers were made to 
establish the optimum cutting conditions and tool angles; and 
(c) Studies of the effect of grain size on the machinability of 
plain carbon case-hardening steels. With regard to (a) it was 
found that: (1) The wear of the hard metal tips on both the 
clearance and the cutting faces followed the same laws as in 
turning; (2) wear of both faces increased greatly at cutting 
speeds at which chips tended to weld to the tool; (3) very low 
carbon steels were less machinable than those in which the 
pearlite interrupted the ferritic structure, although the tensile 
strengths were almost the same; (4) increasing the sulphur 
and manganese greatly improved the machinability; and (5) 
two oxygen-blown steels had equal machinability, but the 
machinability of two air-blown steels fluctuated and differed 
from that of the oxygen-blown steel. With regard to (b), the 
investigation led to the design of a new and efficient screw- 
cutting head with a view to lowering the cost of thread-cutting 
with hard-metal-tipped tools. Investigation (c) led to the 
following conclusions: (1) Annealing at 890° and 1100° C. and 
slow cooling in the furnace increased the grain size and greatly 
extended the time between regrinds as compared with rapid 
cooling in air, which produced a finer grain; (2) irregular grain 
size caused poor machinability but did not affect the cutting 
force.—R. A. R. 

The Problem of the Economics of Grinding Hard Metal Tools 
with Diamond-Impregnated Wheels. J. Witthoff. (Tech. Mitt. 
Krupp, 1954, 12, Sept., 115-126). 


CLEANING AND PICKLING 


The Pickling of Thin Sheet under the Action of Sonic 
Energy. W. Meiswinkel. (Z.V.d.J., 1955, 97, Jan. 11, 42-46). 
The acceleration’ of pickling by sonic vibrations was investi- 
gated on a laboratory scale. Pickling times for hot rolled and 
for annealed sheet were shortened by up to 80% when the 
radiation energy was high enough to cause cavitation (about 
2 W/sq. in.) The sheet was 0-040 in. thick; five steels were 
investigated including an 18/8 stainless, and semi-killed and 
rimming O.H. steels. The mild steels were pickled in 15% 
H,SO, at 65° C.; the stainless steel in 8% H,SO,-3% HNO,— 
2% HF at 45°C. Best results were obtained with a 30 
kilocycle electromagnetic installation, but lower frequencies, 
and a 20 kilocycle magneto-strictive source also proved 
satisfactory. Short acid pickling followed by washing in 
vibro-agitated water was also effective. Calculations are 
quoted for an industrial wide-strip continuous pickling 
installation, showing it to be more profitable than conven- 
tional pickling.—s. G. w. 

The Sodium Hydride Process. A Descaling Treatment for 
Most Ferrous and Non-Ferrous Metals. (Automobile Eng., 1954, 
44, Nov., 480, 481). Constructional details and operating 
procedure of a sodium hydride descaling plant, operated as a 
contracting service by Durtnall and Hipwell Ltd., Staines, 
Middlesex, are described. The main bath is 6 ft. long x 4 ft. 
wide x 4 ft. deep, the average throughput being 40-50 
tons/week.—P. M. C. 

Electrolytic Descaling. F. E. Cook, H. 8. Preiser, and 
J. F. Mills. (J. Amer. Soc. Naval Eng., 1954, 66, Nov., 
1005-1050). A comprehensive, illustrated account of an 
electrical method of rust removal from tanker ship compart- 
ments is presented. Details are given of initial development 
work carried out on a laboratory scale. The results of the 
electrolytic descaling of tankers are satisfactory.—B. G. B. 

The Role of Cyanide Neutralization in the Surface Treatment 
of Steel. J. H. Peterson, G. M. Nichols, and W. F. McDevit. 
(Metal Finishing, 1954, 52, Oct., 62-64). If solutions contain- 
ing NaCN and NaOH (about 0-2 oz. each/gal.) are used as 
neutralizers after acid pickling, the resultant sheet resists 
corrosion during storage and has an excellent surface for 
galvanising and enamelling. Using NaCN containing radio- 
active C 14 it was found that approx. 5 mg./sq. m. of NaCN 
remained after processing in the form of soluble salts. The 
enhanced corrosion resistance was shown to result from the 
chemically clean surfaces produced by this treatment. 

Disposal of Waste Cyanide Solutions. J. T. Woodcock. 
(Chem. Eng. Min. Rev., 1954, 47, Oct. 11, 13-15). The 
Concentrations exceeding 10 p.p.m. of HCN in liquid in a 
sewer are dangerous to workmen, and over 0-02 p.p.m. in a 
water-course is dangerous to fish.—Rr. A. R. 

Shot Blasting. G. E. Plant. (Inst. Vitreous Enamellers 
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Bulletin, 1954, 5, Nov., 51-60). The author gives a general 
account of shotblasting with particular reference to design of 
equipment and choice of abrasive.—a. 0. 1. 


PROTECTIVE COATINGS 


Ion Exchange Processes—Their Application to the Metal 
Finishing Industries. T. V. Arden. (Metal Ind., 1954, 85, 
Dec. 17, 513-516). The basic principles of cationic and anionic 
exchange processes are briefly outlined, and the applications 
of the phenomena to the pre-treatment of water for plating 
solutions, the treatment of plating swills, and the regeneration 
of plating bath solutions are described.—p. M. c. 

Custom-Built Plating Machine Brings Plant to Peak 
Efficiency. J. J. Obrzut. (Jron Age, 1954, 174, Sept. 23, 
120-122). A fully automatic plant at the Ajax Manufacturing 
Corp., Detroit, is described for copper—nickel-chromium 
plating car parts and accessories.—D. L. C. P. 

Measuring Metallic Coatings. (Metal Ind., 1954, 85, Dec. 3, 
470, 471, 474: Metal Finishing, 1954, 52, Oct., 52-55). Three 
electronic instruments for measuring the thickness of electro- 
deposited coatings have recently been developed at the 
U.S. National Bureau of Standards. Each uses the difference 
in electrical conductivity between plating and base metal as a 
criterion, but different methods of sensing are employed. 
The principles of these instruments are described.—P. M. c. 

Electroless Plating Comes of Age. A. Brenner. (Metal 
Finishing, 1954, 52, Nov., 68-76). A review of the laboratory 
and commercial development of the disposition of nickel 
and/or cobalt by reduction from aqueous solutions is made. 

Chrome Plating of Gun Bores. ©. F. Gurnham. (Products 
Finishing, 1954, 19, Nov., 56-64). Hard-chrome plating of 
90 mm, tank cannon, 15 ft. in length at the Oldsmobile Div. 
of General Motors Corp, is described.—a. D. H. 

Chromizing. Dauvergne. (Centre Doc. Sidér., Circ. Inform. 
Tech., 1954, 11, (12), 2343-2345). Chromizing, in which 
chromium diffuses into y-iron, is carried out by heating the 
steel with a chromium halide in a reducing atmosphere at 
1050-1100° C. Some details are given of the preparation of 
the chromizing agent and of the actual cementation process, 

Effect of Impurities and Purification of Electroplating 
Solutions. 1. Nickel Solutions. 8. The Effects and Removal of 
Lead. D. T. Ewing, J. K. Werner, C. J. Owen, W. O. Dow, 
and R. J. Rowe. (Plating, 1954, 41, Nov., 1307-1311). The 
effects of 2-5-30 mg./l. of lead in four different nickel baths on 
the appearance, adhesion, ductility, corrosion resistance, 
hardness and throwing power were studied. In general, the 
deposits were brighter and had slightly better corrosion 
resistance with increasing bad content.—a. D. H. 

A Practical Application of Electroless Nickel Plating. 
(J. D. MacLean and S. M. Karten. (Plating, 1954, 41, Nov., 
1284-1287). The plating of small parts for bomb fuses 
containing deep blind holes is described. A coating 0-00006— 
0-00008 in. thick is formed in 8 min. in baskets with inter- 
mittent hand agitation.—a. D. H. 

Rust Prevention by the Cold Galvanizing Process. (Wire 
Ind., 1954, 21, Nov., 1106-1109). The Glopane process of 
zine painting is described and its advantages are stated. 

Contribution to the Theory of Hot Galvanizing. J. Teindl. 
(Hutnické Listy, 1954, 9, (12), 731-737). [In Czech]. The 
principal stages in galvanizing, and the effect of fluxes on the 
surface quality in the galvanizing and tinning of steel sheet 
are discussed. The structure of the coatings and the effects 
on the structure of non-metallic inclusions in steel, and of 
additions (such as aluminium in galvanizing), as well as 
corrosion protection are considered.—P. F. 

Tin Plate Production at Kaiser Steel Corp. West Coast Plant. 
F. A. Herr. (Metal Finishing, 1954, 52, Nov., 77-87). 

A Modern Tinplate Mill. Description of New Plant Erected 
by the American Kaiser Steel Corporation. M. Lorant. (Sheet 
Metal Ind., 1954, 31, Nov., 952-957). 

Siliconizing of Steel as Solid-Phase Reaction. [E. Fitzer. 
(Arch. Hisenhiittenwesen, 1954, 25, Sept.-Oct., 455-463). The 
author reviews the mechanism of the formation of diffusion 
layers with particular emphasis on siliconizing of steel. Fe—Si 
alloys in the «-solid solution range (13-16% Si) are highly 
acid-resistant; it is therefore desirable to produce the inter- 
metallic compound Fe,Si. Diffusion rates in «- and y-iron 
are very different, being lower in y-iron. In practice, more 
than 12% Si results in porosity and deterioration of the 
surface. This is attributed to the difference in diffusion rates 
of silicon into iron and of iron into silicon, also to an increase 
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in volume by the formation of Fe,Si. The author concludes 
that the formation of an adherent, pore-free diffusion layer of 
14-15% Si is not possible. Diffusion layers of more than 6% 
Si are scale-resistant and adherent. Layers of 6-11% Si 
remain adherent after heating, whereas chemical layers 
higher in silicon peel off on heating leaving a porous zone.—T. G. 

Siliconizing Steel for Surface Protection: Siliconizing by 
Volatile Halogenides. E. Fitzer. (Arch. Lisenhiittenwescn, 
1954, 25, Nov.-Dec., 601-612). Silicon chloride (SiCl,) reacts 
with tron thus: Fe + SiCl, — SiC], FeCl,; Fe sicl, > 
Si (in Fe) + FeCl,. The use of SiCl, produces mainly Fe,Si 
layers up to 14% silicon, but heat-resistant, Fe,Si-free, 
ferritic-diffusion layers could only be obtained by special 
heat-treatment. Siliconizing by bromides and fluorides and 
the use of hydrogen as carrier gas is described in detail as well 
as siliconizing with subchlorides.—r. «a. 

Coating Steel by the Diffusion of Aluminium. E. Gasior. 
(Prace Instytutow Ministerstwa Hutnictwa, 1954, 6, (4), 
200-209). [In Polish]. The properties of Al coatings on steel 
and methods of their production are reviewed. The influence 
of the temperature and time of * Alitizing’ on the thickness of 
the coatings produced and the effect of these coatings on the 
behaviour of steel specimens at high temperatures were 
investigated.—v. a. 

Electric Arc Metal Spray Gun. F. Steyer. (Engineer Foundry- 
man, 1954, 19, Aug., 53-56; Sept., 72-73; Nov., 63-65). The 
Steyer spray gun, of German origin is described. A jet of 
compressed air directed at an AC or DC arc of the metal to be 
sprayed carries forward a stream of metal particles. The 
electrical design and performance of the gun are fully given 
and it is compared with gas spray guns.—A. D. H. 

Further Development of Metal Spraying Technique. H. 
Reininger. (Metalloberflache, 1954, 6, July, B102—B104; Sept., 
B131—B135; Nov., B163-B166). This comprehensive review of 
the literature covers developments in metal spraying equip- 
ment and application of the process. (159 references). 

An Electrically Heated Recuperative Enamelling Furnace. 
H. Wiegand, (Elektrowdrme Techn., 1954, 5, Dec., 261-263). 
A U-shaped furnace, in the two arms of which the incoming 
and outgoing pieces are preheated and slowly cooled respec- 
tively, is described. Production is continuous, and by using a 
common path for pieces entering the furnace and fired pieces 
leaving it, the heat of the latter is utilized to preheat the 
former. The capacity of the furnace is approximately 10 
ewt./hr. of once-fired sheet.—P. F. 

The Development of Castings for Vitreous Enamelling and 
Control of Production Methods in the Enamel Shop. A. K. 
Williams. (Inst. Vitreous Enamellers Bulletin, 1954, 4, July, 
17-22). The development of suitably designed castings and 
the annealing, shot-blasting, enamel application, and process 
control methods in mass production are described.—a. D. nH. 

The Direct Application of Finish Coat Enamels to Steel. 
A. W. Murdoch and B. Zick. (Inst. Vitreous Enamellers 
Bulletin, 1954, 5, Nov., 38-46). The development of enamels 
over the past 30 years has contributed to a substantial reduc- 
tion in the thickness of enamel coatings and made possible 
the direct application of finish coat enamels. Present applica- 
tions are discussed with special reference to metal preparation. 
Commercial direct enamelling processes for  titanium- 
bearing steel (e.g. the Ferro-Republic process) are described. 

Shipbottom Paints. W. J. Francis. (J. Amer. Soc., Naval 
Eng., 1954, 66, Nov., 857-866). A review is given of composi- 
tions for anticorrosive and antifouling paints used on U.S. 
Navy steel ship bottoms. Hot plastic antifouling paints have 
been very satisfactory. Ships can now stay at sea for longer 
than two years without suffering with fouled or corroded 
bottoms. Methods of testing paints are briefly mentioned. 


POWDER METALLURGY 


Resistance Sintering Under Pressure. F'. V. Lenel. (7'rans. 
Amer. Inst. Min. Met. Eng. 1955, 208: J. Met., 1955, 7, 
Jan., Section 2, 158-167). The author describes the equipment 
and method for hot pressing in which a powder compact is 
subjected to pressure and simultaneously heated by a low- 
voltage high-amperage current. Resistance requirements for 
powders and compacts, temperature distribution in compacts, 
and gas reactions during resistance sintering are discussed, 
and examples of compacts of single metal or alloy powders and 
of powder mixtures are illustrated. Potential commercial 
applications of the process are considered.—e. F. 


Powder Press Design Keeps Pace With Industry Needs. 
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J. L. Bonanno and R. B. Bouman. (Iron Age, 1954, 174, 
Sept. 30, 76-79). Examples of the capabilities and design of 
modern presses are given. Improvements in frame rigidity, 
controls, multiple motion tools and compacting pressures (up 
to 75 tons/sq. in.), allow larger and more complex parts to be 
economically produced at high speed. 

New Plant Describes Method of Producing from Powder. 
(Precision. Met. Mold., 1954, 12, Oct., 87). A brief description 
is given of the production of iron powder by the reduction of 
iron ore as carried out by the Héganis Sponge Iron Corp. at 
its Riverton New Jersey plant.—p. H. 

A Powder Metallurgy Technique for High-Density High- 
Strength Parts. E. N. Mazza. (Precision Met. Mold., 1954, 12, 
July, 42-45). The effect of additions of graphite and copper 
on the properties of sintered iron compacts is described. 
Mixes of iron powder containing 0-10% copper and 0-2% 
graphite were pressed into standard tensile bars of rectangular 
cross-section, presintered, and coined at different pressures. 
Constant compacting pressures and final sintering tempera- 
tures were used for all experiments. Tables show the effect 
of presintering temperature and coining pressure on density, 
tensile strength, hardness and ductility.—p. H. 

High Strength Steel Parts Produced by a New Powder 
Metallurgy Process. J. W. Young. (Precision Met. Mold., 1954, 
12, Nov., 48-51, 89-92). Details are given of the process 
developed by Isthmian Metals Inc. Boston. U.S.A. Iron 
powder is pressed cold in two stages with an intermediate 
sintering. Carbon may be added to the mix before pressing, 
or by gas carburizing after final pressing. The components can 
be heat-treated, case-hardened or electro-plated to secure the 
desired surface conditions, hardness or mechanical properties. 
To secure good response to heat-treatment, manganese may 
be added as ferro-manganese.—D. H. 

Particle Size Distribution Analysed Quickly, Accurately. 
F. 8. Eadie and R. E. Payne. (Iron Age, 1954, 174, Sept., 2, 
99-102). A description of the “* Micromerograph,” is given and 
its advantages for particle size analysis in the 1-250 micron 
region are enumerated. The instrument produces a dispersed 
sample of powder and measures the rate of settling in air, on to 
the pan of a sensitive recording balance.—D. L. c. P. 

Pressing Parts from Powdered Metals: ‘A New. Concept. 
B. B. Belden. (Mech. Eng., 1954, 76, Nov., 891-896). A 
description is given of a mechanically operated, four column, 
crank type press with two guide bushes for each column. 
Typical operations of such a press are illustrated by the 
production of thin-walled bushings, the compacting of flanged 
parts, and the pressing of flanged parts.—». H. 

The Production of Sintered Chromium-Nickel Steels. 
F. Benesovsky and F. Moser. (Planseeberichte, 1954, 2, 
June, 20-23). High shrinkage occurs when sintered Cr—Ni 
steels are produced using a Ni-Cr-C key alloy. The mechanical 
properties of dense sintered steels are satisfactory. Sintering 
in the liquid phase is effective if the powder obtained is 
obtained by wet or dry grinding.—Rr. P. 

Improvement of the Mechanical Properties of Sintered-Steel 
by Phosphorus Additions. F. Eisenkolb. (Planseeberichte, 1954, 
2, June, 2-14). Results of tests are given, using red phosphorus 
up to 0:8%. Prolonged sintering causes coarse grain formation 
and therefore lowers the mechanical strength and elongation. 
Pre-oxidation of the iron powder is an advantage.—R. P. 


The Production of Iron Powders from Mill Scale Reduced by 
Hydrogen or Carbon. B. Razumowski. (Prace Instytutow 
Ministerstwa Hutnictwa, 1954, 6, (4), 188-199). [In Polish]. 
The production of iron powder suitable for the powder metal- 
lurgy by reduction and crushing of mill scale was investigated. 
Hydrogen and coal were used as a reducing agent. Iron powders 
having satisfactory properties were obtained by both methods. 

New Automatic Press for Powdered Metals. (Plansecberichte, 
1954, 2, Nov., 57-58). A brief description is given of this new 
80-ton hand-controlled hydraulic press. The upper and lower 
rams have strokes of 230 and 200 mm. respectively, and the 
capacity of the press is up to three items/min.—k. P. 

Manufacture of Iron Powder by the Hydrogen Reduction 
of Mill Scale. K. C. Wasberg. (Tidsskr. Kjerni, Bergvesen 
Met., 1954, 14, Oct., 146-152). [Im Norwegian]. Usual 
manufacturing methods are reviewed and problems involved 
in the hydrogen reduction of iron oxides—such as reducibility 
and impurities in the oxidic material—are discussed. Semi 
pilot-scale tests are described in which the millscale was 
crushed to —85 mesh and reduced in a molybdenum 
furnace under a cracked ammonia atmosphere for 8 hr. The 
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reduction rate at 700°C. was very slow, whilst at 900° C. 
90% reduction was achieved. Milling for 30 hr. and annealing 
at 700° C. in hydrogen resulted in an increase in apparent 
density and top density of 50%. Tensile test results are given. 


PROPERTIES AND TESTS 


Further Tests of the Mechanical Properties of High-Tensile 
Steels. W. Janiche, W. Puzicha, and 8. Bonenberger. (Tech. 
Mitt., 1953, (2), Dec., 106-119). Tests are described which 
show how the stress/strain curve is influenced by special 
treatment of steels. Values which can be calculated from this 
graph are discussed. Plastic deformation by stretching in- 
creases the yield-point of high-tensile steels, whereas the yield 
point is lowered by plastic bending. (10 references).—nr. P. 

Determination of Internal Stresses. A. Roos. (Usine 
Nouvelle, 1954, 10, Oct. 14, 27-28). If a sample under tension 
is elongated, the force necessary to maintain this elongation 
constant diminishes as a function of temperature. At a given 
temperature, the amount that the load can be reduced while 
maintaining the sample at constant elongation gives an 
indication of the amount of internal stress. Two methods are 
described for automatically adjusting and measuring the load 
applied, and curves of load as a function of time at various 
temperatures between 535° and 620° C. are given for a cast 
iron.—t. E. D. 

Tensile Tests, Using Very Long Specimens. W. Janiche and 
W. Puzicha. (Zech. Mitt., 1953, (2), Dec., 120-124: Arch 
Hisenhiittenwesen, 1954, 25, Nov.-Dec., 589-593). The authors 
describe the results of tensile tests, using four different steels 
and lengths of 7 in. to 62 ft.; the elongation was measured. 
The tensile strength decreases with increase in length of the 
test piece.—R. P. 

Stress Variations During Necking in Tensile Tests. A. Krisch. 
(Arch. Hisenhiittenwesen, 1954, 25, Nov.-Dec., 595-598). This 
is a theoretical treatise on Jianiche and Puzicha’s paper on 
tensile tests on long wires (see preceding abstract). Stress and 
deformation were calculated in the necking range and the 
condition analysed under which sudden fracture may occur. 
The phenomenon observed on long wires is not caused by a 
property of the material but can be explained by the testing 
conditions. The governing factor is the diameter/length ratio. 

Gas-Seal for High-Temperature Extensometer Tensile Test 
in Inert Atmospheres. A. J. Fenner and G. Willoughby. (J. 
Sci. Instruments, 1954, 31, Dec., 472-473). 

The Effect of Strain Rate and Temperature on the Resistance 
of Aluminium, Copper and Steel to Compression. J. F. Alder 
and V. A. Phillips. (J. Inst. Metals., 1954, 88, Nov., 80-86). 
Stress/strain curves were determined during compression to 
50% reduction of height at constant true strain rates in the 
range 1-40/sec., for a 0-17% carbon steel from 930—1200° C., 
and for aluminium and copper. The stress/strain curves for 
steel showed a drop in stress at higher strains. The stress for a 
given strain increased with strain rate in fair agreement with a 
power law.—B. G. B. 

The Relation between the Appearance of Fractures and the 
Steep Slope of the Impact Strength/Temperature Curve of 
Mild Steels. H. Kornfeld. (Stahl u. Hisen, 1954, 74, Nov. 4, 
1526-1536). Charpy and DVM notched bar impact tests have 
been carried out on open-hearth fine-grained and rimming 
steels and on Armco iron to determine the shape of the impact- 
strength/temperature curve. The broken specimens were 
differentiated according to their appearance (plastic, mixed, or 
brittle fracture); this classification of the fractures was closely 
related to the shape of the curve. The steep portion of the 
curve can be characterized by the temperature of the most 
frequent occurrence of mixed fractures. The probability of 
obtaining reliable information by notched bar tests within the 
critical temperature range is discussed.—J. P. 

Residual Plastic Strains Produced by Single and Repeated 
Spherical Impact. J. A. Pope and A. K. Mohamed. (J. Iron 
Steel Inst., 1955, 180, July, 285-297). [This issue]. 

Automatic Radiography with Cobalt 60. J. Hile. (Mat. 
Methods, 1954, 40, Sept., 108, 109). Automatic equipment is 
described and illustrated, by means of which 2000 com- 
pressor blades were examined radiographically for soundness. 
The exposure of four blades at a time to cobalt.) radiation 
was effected in a pit 12 ft. deep. The lowering and raising 
of the source and the timing of exposures was done auto- 
matically.—p. M. c. 

Symposium on Radioactivity—An Introduction. 
Soc. Test. Mat. Spec. Tech. Pub. No. 159, 1954). 
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symposium, held at Atlantic City on June 30, 1953, was 
intended to call attention to the possible use of radioactive 
isotopes in A.S.T.M. work. The papers presented were: 

Properties and Uses of Radioisotopes. G. D. Calkins. 
(3-8). 

Applications of Radioactive Measurements to A.S.T.M. 
Work. O. M. Eliott and J. L. Kuranz. (9-16). 

Design of Radioisotope Laboratories for Low and Inter- 
mediate Levels of Activity. G. G. Manov and O. M. Bizzell. 
(17-27). 

Training Personnel in Radioisotope Techniques. D. R. 
Smith. (28-29). 

Nuclear Radiation—Its Detection and Measurement. E. 
H. Wakefield. (30-39). 

Management Problems Resulting from Radioisotope 
Utilization by Industry. W. L. Davidson. (40-46). 
Thermal Conductivities of Solid Materials at High Tempera- 

tures. R. W. Powell. (Research, 1954, 7, Dec., 492-501). 
Data for the thermal conductivities of solids (iron, alloy steels, 
other metals, cermets and metal oxides) at high temperature 
are reviewed, and some new results given. The conductivities 
of certain groups of materials (e.g. steels) tend to converge 
towards common values at high temperature.—k. E. J. 

Recent Advances in Theories of Creep of Engineering 
Materials. F. K. G. Odqvist. (Appl. Mech. Rev., 1954, 7, 
Dec., 517-519). The deviation and validity of various 
equations for the creep of materials are discussed, with 
examples of their application according to the type of informa- 
tion required.—4J. 0. L. 

New Refractory Hard Metals. J. L. Everhart. (Mat. 
Methods, 1954, 40, Aug., 90-92). A brief review is presented 
of the properties and several applications of a group of 
materials now commercially available and possessing charac. 
teristics between those of metals and ceramics. They are 
the borides of zirconium, chromium and molybdenum, and 
nickel aluminide; they exhibit excellent high-temperature 
properties, and corrosion and wear resistance.—P. M. C. 

Poppet Valves, Guides and Seats. Part I—A Survey of 
Valve Materials and General Design Features. Part II— 
Valve Guides, Seat Inserts, and Other Considerations. (Avuto- 
mobile Eng., 1954, 44, Sept., 349-356; Oct., 421-428). 
Operating conditions, valve materials, compositions and 
properties, production, shapes and design details are dis- 
cussed in Part I. Materials and designs for valve guides and 
seat inserts are discussed in Part II, and types of failure, 
sodium cooling, and rotating valves are dealt with. (38 
references),—P. M. C. 

Report on the Elevated Temperature Properties of Selected 
Super-Strength Alloys. W. F. Simmons and H. C. Cross. 
(Amer. Soc. Test. Mat. Spec. Tech. Pub. No. 160, Aug., 1954). 
This 208-page report consists of tables and graphs showing 
the following elevated temperature properties of 13 high- 
strength alloys: (1) Tensile strength; (2) 0-2% proof stress; 
(3) ar tor te (4) reduction in area; (5) stresses for rupture 
in 102, 10%, 104, and 10° hr.; and (6) stresses for creep rates of 
0-0001 and 0- 00001 % per hr. 

Investigation of Heat-Resisting Steel for Gas Turbines. 

. SS. Koshiba and T. Kuno. (Tetsu to Hagane, 1954, 40, 
Oct., 1007-1011). [In Japanese]. The effects of tungsten 
and molybdenum on the ageing of Ni-Cr—Co austenitic heat- 
resisting steel containing 15% Ni, 20% Cr, and 15% Co were 
studied. The optimum composition was found with additions 
of 3:0-5:0% W, 3-0-5:0% Mo and 5-8% (W + Mo); 
the optimum heat-treatment conditions were 1200-1250° C. 
for solution treatment, and 700-750° C. for ageing, over a 
period of 6-12 hr.—x. E. J. 

Influence of the Chemical Composition of Cast Steel on Hot- 
Tearing Tendency (I). S. Oki. (Z'etsu to Hagane, 1954, 40, 
Oct., 979-980). [In Japanese]. Two different shapes of 
casting were used to determine the hot-tearing tendencies of 
normal and special heats from a 5-ton basic arc furnace. The 
hot-tearing tendency increased as carbon increased within the 
range 0:16 to 0:6%; steels with 0-4-0-5% Si had the 
greatest resistance; the tendency decreased with increasing 
manganese to a minimum at approx. 0:75%.—k. E. J. 

Studies on the Creep of Low-Carbon Steel. ‘T. Nishihara, 
S. Taira, and K. Tanaka. (Kyoto Univ., Memoirs Faculty 
Eng., 1954, 16, Apr., 79-99). [In English]. Details are given 
of a new creep testing machine equipped with temperature 
regulation and strain measuring apparatus. From tensile 
results on low-carbon steel, a general formula for the stress- 
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strain-time relation can be derived. Results of creep tests 
under conditions of bending or twisting moment can be 
predicted in terms of the — sristic values obtained in 
tensile experiments.—kK. E. 

Effect of oe ars Behaviour on Thermal Stresses. 
A. M. Freudenthal. (J. Appl. Phys., 1954, 25, Sept., 1110 
1117). Rheological behaviour (viscoelasticity, plasticity, 
work hardening) and its effect on thermal stress is analysed, 
with simplifying assumptions, in its application to design 
problems, and significant data on stress development and 
relaxation are deduced. It is inferred that, in general, rough 
estimates from simple rheological models are likely to provide 
adequate and easily obtainable information.—s. 0. L. 

Rare-Earths in Metallurgy. H. Evans. (Birmingham 
Met. Soc.: Iron Steel, 1954, 27, Dec., 567-571). The author 
discusses some of the outstanding contributions made by the 
rare-earth metals to metallurgical development in the last 
25 years. In ferrous metallurgy the rare-earths have pro- 
longed the high-temperature life of electrical-resistance 
alloys, imparted a higher degree of hot-workability in nickel- 
containing austenitic steels, conferred improved mechanical 
properties on steels, particularly as-cast, and facilitated the 
commercial development of spheroidal-graphite cast irons. 

Study on Boron Steel. I. N. Yamanaka, K. Kusaka and 
T. Koizumi. (Tetsu to Hagane, 1954, 40, Aug., 779-785). 
[In Japanese]. The influence of boron on steels specified in 
Japanese Industrial Standards was examined. Full deoxi- 
dation and nitrogen fixation were necessary to increase 
hardenability and avoid grain coarsening. The effect of 
boron on case-hardening decreased as carbon content increased, 
being highest at approx. 0-9% C. Boron had no effect on 
the carburizing treatment. Boron treatment gave favourable 
effects on notch toughness when the steel was completely 
hardened and tempered below 400° C.—kx. E. J. 

Tests on Stress Relieving of Welds by Superimposed Heat 
Stresses. K. Wellinger, F. Eichhorn, and F. Loffler. (Schweissen 
u. Schneiden., 1955, 7, Jan., 7-14). A report is given on stress- 
relief trials of welded sheet 20-30 mm. thick by superimposing 
heat stresses up to a temperature of 200°C. The results are 
shown in graphs. It was found that the 20-mm. sheet de- 
creased in stresses uniformly throughout while the 30- 
sheet decreased in stress by 75% on the treated side but only 
17% on the opposite side. A decrease in stresses from 52 to 
31 kg./sq. mm. was obtained with sheet 36 mm. thick (pre- 
heated to 150° C.) on using an oxy-acetylene flame for stress 
relieving.—vU. E. 

The Influence of Deformation at Low Temperatures on the 
Properties of Austenitic Stainless Steel. K. Bungardt, R. 
Oppenheim, and R. Scherer. (Jron Steel Inst., Translations 
Miscellaneous Series No. 237, 1955). This is an English 
translation of a paper in Arch. Lisenhiittenw., 1953, 24, 
Sept.-Oct., 423-430 (see J. Iron Steel Inst., 1954, 176, Mar., 
328).—R. A. R. 

16th Biennial Materials of Construction Report. (Chem. 
Eng., 1954, 61, Nov., 171-234). Part I is a survey of materials. 
Points considered are corrosion resistance, physical properties, 
mechanical properties, applications, forms available, and ease 
of fabrication. In Part II corrosion data charts covering 36 
materials and 48 corrosives are presented. Part III consists of 
a 15-page list of metals, alloys, carbonaceous materials, 
ceramics, rubber products, and plastics available to the 
corrosion engineer; each material is briefly described and the 
manufacturer’s name is given.—R. A. R. 

Improvement of the Mechanical Properties of Steel Cast by 
the Lost-Wax Process. N.S. Kreshchanovskii, M. L. Khenkin, 
and M. N. Zimmering. (Liteinoe Proizvodstvo, 1954, (7), 
0-24). [In Russian]. The possibility of improving the mech- 
anical properties of carbon and alloy steel castings, produced 
by the lost-wax process, by heat-treatment or inoculation 
with cerium was investigated. Three carbon steels, a 1-27% 
Cr steel, and two 15/14 Cr—-Ni steels were investigated. 
Cerium additions of 0-05-0-6% were made to the liquid 
metal, special specimens being cast for studying macro 
and microstructures, mechanical properties, slag inclusions, 
and dissolved gases. In correct amounts, cerium improved 
the properties, the effect being most marked at sub-zero 
temperatures. Various heat-treatments were also studied. 

Primary Structure and Steel Quality. A. Hultgren, K. O. 
Nordin, and B. Rinman. (Jernkontorets Ann., 1954, 188, (11 
702-730). [In Swedish]. Three types of steel were examined to 
determine the specific effects of dendritic or globular ingot 
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structure on steel properties in the forged and heat-treated 
condition. A pair of ingots was selected from each heat, one 
being allowed to solidify normally whilst solidification of the 
second was interrupted by stirring or afterpouring. Results of 
tensile and fatigue tests are given.—G. G. K. 

Influence of Transformation Conditions on the Mechanical 
Characteristics of 41/50 kg./mm.? Sheet Steel. Hocquet. 
(Centre Doc. Sidér. Cire. Inform. Tech., 1954, 11, (12), 2323- 
2342). Sheet steels from two mills, produced under different 
conditions, were submitted to tests. Graphs obtained from 
resistance, elongation, and elastic limit tests are given. 


New Metals in Engineering. L. B. Pfeil. (Trans. Inst. 
Marine Eng., 1954, 66, July, 169-181). Several recent applica- 
tions of various metals and alloys are discussed. In the field of 
ferrous alloys, the paper is mainly concerned with the develop- 
ment and properties of spheroidal graphitic cast iron.—t. D. H. 

The Physicochemical Characteristics of the Carbonitrides of 
Iron. R. Bridelle and A. Michel. (Compt. Rend., 1954, 239, 
July 19, 274-275). All the known carbonitrides of iron were 
prepared and studied. Results are quoted for parameter 
measurements, Curie points, and decomposition temperatures. 


Particular Properties of the Products of Continuous Mills. 
(Usine Nouvelle, 1954, 10, Oct. 21, 23-24). The products of 
Société Lorraine de Laminage Continu (SOLLAC) are des- 
cribed and catalogued. Hot and cold rolled sheet, and hot- 
dipped and electrolytic tinplate are included. Details are 
given of the dimensions of strip available, with indications of 
their mode of production and properties.—-T. E. D. 

Project for the Selection of Standardised Classification for 
Carbon Steels. (Usine Nouvelle, 1954, 10, Oct. 14, 35-36; 
Oct. 21, 25-27). The scheme proposed, which is very simple 
compared with most classifications in use on the Continent, 
specifies, within limits, the mechanical and chemical properties 
of carbon steels. All types of carbon steels, including those 
requiring further heat-treatment, and which are used and 
worked in a variety of ways, are covered by combinations of 
letters and numbers.—t. E. D. 

Ductile Iron Meets Heavy Duty Service Requirements. 
D. M. Marsh. (Iron Age, 1954, 174, Sept., 9, 135-138). 
Results of research by the Cooper-Bessemer Corp. into the 
production, properties and uses of ductile iron are outlined. 
Excellent castability, high tensile strength, and high notched 
fatigue endurance are reported. Heavy duty applications 
include autoclaves, cylinder heads, crankshafts and diesel 
engine centre frames.—D. L. C. P. 

Effects of Surface Defects on the Fatigue Strength of Mag- 
nesium-Treated Cast-Iron Crankshafts. I. V. Kudryavtsev 
and N. A. Balabanov. (Liteinoe Proizvodstvo, 1954, (6), 
18-20). [In Russian]. The fatigue strength of magnesium- 
treated ferritic and pearlitic cast-iron crankshafts were 
studied. The effects on this of local cold rolling were also 
investigated. Rolling the surface was effective in all cases, and 
data on this are presented.—-s. K. 
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Some Techniques of Constitutional Metallurgy. (Symposium 
by Birmingham Section of Inst. Met., Feb. 26, 1954: Bull. 
Inst. Met., 1954, 2, Dec., 179-200). The following papers were 
presented at this symposium: 

The Examination of Surface Topography by Interfero- 
metric Methods. W. D. Biggs. (179-181). A short account 
is given of the experimental techniques used in applying 
this method of measurement. 

The Hot-Stage Microscope and Its Use with the Cine- 
Camera. S. G. Glover. (181-183). A brief description of 
the apparatus is given. 

Examination of Metallic Surfaces by Electron-Diffraction 
Methods. E. C. Williams. (183-185). The scope and limita- 
tions of this technique when applied to metallic surfaces is 
discussed. 

Electron-Optical Methods in Constitutional Metallurgy. 
J. W. Menter. (185-192). The use of electron transmission 
microscope with Formvar replicas, thermionic emission 
microscope, secondary-emission microscope and reflection 
electron microscope for studying the structure of metals and 
alloys is discussed. 

Automatic Recording of Dilatometer Measurements. 
F. G. Haynes. (193-196). A number of methods of recording 
dilatometer measurements are described. 
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Continuous-Cooling Transformations in Steels. G. Mayer. 
(197-200). A technique for measuring the transformations 
occurring in steels when cooled at finite rates is described. 
Metallographic Analysis and Its Application to the Investiga- 

tion of Steel. S. Heiskanen. (Jernkontorets Ann., 1955, 139, 
(2), 78-134). [In Swedish]. The author describes and discusses 
the different methods of isolating carbides and non-metallic 
inclusions in steel, and especially the electrochemical principles 
for dissolving the metallic matrix without affecting the 
carbides. When the carbides are no longer in metallic contact 
with the ferrite, they are not protected by the less noble 
metal phase. The author found appreciable solution of 
cementite not in contact with ferrite in weak acid solutions 
with pH as high as 2-5. An isolation method was developed 
by the author in which a 1% solution of HCl in ethyl alcohol 
is employed. The apparatus and the method are described in 
detail. The method gives better results than those obtained 
with a neutral citrate solution. Microchemical methods for 
the determination of iron, carbon, manganese, chromium, and 
molybdenum are described. Micrographs of carbide particles 
are shown and the methods of preparing the samples are 
described.—R. A. R. 

Electron Metallography. L. Habraken. (Centre National 
de Recherches Meétallurgiques, Section de Liege, 1953, pp. 163). 
This treatise contains 46 plates of electron micrographs. The 
first part gives details of techniques used in electron micro- 
scopy, including the production of replicas and the shadow 
technique. The interpretation of electron micographs is 
discussed and explained. Particular reference is made to the 
study of steels, and additional techniques used in the treat- 
ment of specimens before examination are described. In the 
second part, a detailed study is made of carbon and low-alloy 
steels. Structural charges during isothermal transformations 
in eutectoid steel, bainitic Cr—V steel, bainitic Mn—Mo steel, 
and Cr—Mo steel, and anisothermal transformations in Cr-Mo 
and Mn steels and Fe-Cr—Mo-V alloys are determined. The 
influence of the structures on the shape of transformation 
curves, with particular reference to Cr—Mo steel, is discussed. 
In the third part, the behaviour of the 2-5% Cr-1% Mo type 
steel during heat-treatment is studied. Change of structure 
during normalizing, slow working, and isothermal tempering 
are examined, and the stabilized structure is studied. Structural 
creep under heavy (22-19 kg./sq. mm.) medium (13-9 kg./sq. 
mm.), and light (6 to 3 kg./sq. mm.) loads during industrial 
heat-treatment is also followed by these methods.—t. E. D. 

’ A New Series of Photomicrographic Lenses. J. R. Benford 
and J. V. Butterfield. (J. Opt. Soc. Amer., 1954, 44, Aug., 
598-600). The authors describe a new series of photomicro- 
graphic field-flattening eyepieces, designed to compensate the 
residual aberrations of microscope objectives, notably flatness 
of field and lateral color. The systems are negative in 
power, and strictly speaking are not ‘eyepieces’ since the 
pupil is internal, preventing direct visual use, but they are 
directly interchangeable with conventional visual eyepieces 
in the microscope and yield a large and well-corrected image 
for photomicrography and microprojection. 

A Specimen Heater for Electron Diffraction. R. G. Picard 
and E. G. Dornfeld. (Rev. Sci. Instruments, 1954, 25, Feb., 
158-160). 

Rapport Europees Congres Toegepaste Electronenmicro- 
scopie [Report on European Congress on Applied Electron 
Microscopy]. G. Vandermeerssche. (Rijksuniversiteit, 
Ghent, 1954). This 359-page report contains the papers 
presented at the Congress held at the Centre de Microscopie 
Electronique, Ghent, on April 7-10, 1954. The following list 
covers the papers of metallurgical interest: 


Scientific Research in Belgium. PP. Harmel. (21-23). 
[In French]. 

The Techniques of Observing and Analysing in Electronic 
Optics. C. Fert. (25-36). [In French]. 

Some Applications of Electronic Microscopy at Philips 
Gloeilampenfabrieken N.V., Eindhoven. (45-51). [In 
French]. 

Emission Microscopy. M. Gauzit and A. Septier. 
(53-62). [In French]. 

Fillers and Ceramic Raw Materials. U. Hofmann. 
(161-172). [In German]. 

What Can the Electron Microscope Teach Us about the 
Quality of Metals and Metal Products. D. A. Beekhuis and 
J. B. Le Poole. (173-181). [In English]. 
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An Electronic Diffractograph for Continuous Recording. 
L. Wegmann. (195-198). [In French]. 

Examples of the Application of Kinematic Electron 
Bending. A. Boettcher. (199-205). [In German]. 

The Effect of Etching in Electronic Metallography. L. 
Habraken. (207-215). [In French]. 

Peculiarities in the Structure of Some Hard WC-TiC-TaC- 
Co Alloys Revealed by the Electron Microscope. R. Bernard 
and S. Bernard. (217-221). [In French]. 

The Special Properties of the AEG-Zeiss Electron Micro- 
scope Having Regard to Its Use in Research and Industry. 
H. Schluge. (223-238). [In German]. 

The Special Properties of the Interposed Accelerator in 
the AEG-Zeiss Electron Microscope. W. Weitsch. (239— 
243). [In German]. 

Interparticle Structures in Thin Sections of Lubricating 
Greases. R. D. Vold, V. Elersich, and R. F. Baker. 
(265-271). [In English]. 

X-Ray Microscopy: A Rival to Electron Microscopy ? 
V. E. Cosslett. (281-292). [In English]. 

The Formation of Metal Oxides and Their Reduction. 
G. Pfefferkorn. (299-302). [In German]. 

Electron Microscopy by Reflection. C. Fert. (303-317). 
[In French]. 

An Electron Microscope of Belgian Design—Its Industrial 
Applications. A. Bruaux. (327-336). [In French]. 

On the New Method of Representation of the Mixture of 
Several Austenite Grain Sizes. E. Horikawa. (Tetsu to 
Hagane, 1954, 40, Oct., 991-1000). [In Japanese]. As a 
result of unsatisfactory results found when grains of large and 
small size occur together, a new method of representing 
austenitic grain size is suggested, based on the distribution 
function of intercepts on a random line; it can give the volume 
fraction of several sizes, average radii, the degree of variation 
in size, and the superficial area of grain boundary in unit 
volume.—k. E. J. 

Routine Metallography—Improvements by the Use of 
Diamond Cutting Agents. A. W.Comley. (Metal Ind., 1954, 
85, Sept. 10, 205-207). An investigation was made into the 
merits of metallographic polishing using diamond dust rather 
than metallic oxides. This method is very satisfactory even 
for routine work, and possesses several advantages. Recom- 
mended practice is to prepare the mounted specimen on silicon 
carbide papers down to 600 grade, then follow with 4 to 3, 
and 0 to 1 microns diamond dust on Selvyt or billiard cloths 
using alcohol as a carrier.—P. M. C. 

A Reflectometer for the Assessment of Surface Texture. 
J. Halling. (J. Sci. Instruments, 1954, 31, Sept., 318-320). 
The construction is described of a reflectometer for assessing 
the surface texture of metal surfaces by measuring the degree 
of specular reflection, which in turn is assessed by observing 
the variation in definition of the images of an illuminated 
screen, consisting of a number of lines. The instrument can 
be used as a comparator and for direct measurement.—t. D. H. 

Some Experiences with a New Metallurgical Mounting 
Plastic. P. A. Lovett. (Metallurgia, 1954, 50, Oct., 201- 
203). Following a brief outline of a method of mounting 
microspecimens in a new cold-setting plastic, before grinding 
and polishing, the author discusses a number of points which 
have arisen during twelve months use of the process.—B. G. B. 

Notes on Soft X-Ray Spectra, Particularly of the Fe Group 
Elements. H. W. B. Skinner, T. G. Bullen, and J. E. John- 
ston. (Phil. Mag., 1954, 45, Oct., 1070-1080). Some 
pre-war work on the L and M bands of the iron group metals 
is now published and compared with more recent publications. 
The earlier copper curves of Farineau are supported, and 
evidence for the sharp M-emission edges found by Gyergy 
and Harvey is not confirmed. Some comment is given on the 
interpretation of soft X-ray levels. (15 references).—-K. E. J. 

An Apparatus for the Determination of the Solidus Tem- 
peratures of High-Melting Alloys. R. A. Oriani and T. 8S. 
Jones. (Rev. Sci. Instruments, 1954, 25, Mar., 248-250). 
This apparatus is used for determining the melting points of 
high-melting-point alloys by electrically heating fine wires 
in a heated cylindrical tantalum jacket. Black body condi- 
tions are obtained, and the contamination usually suffered 
by contact with refractory materials is avoided. Measure- 
ment is by disappearing filament pyrometer, and accuracies 
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of + 5° C. deviation from the recognised melting points 
have been obtained.—t. D. H. 

Influence of Boron on Hardenability of Steel. J. C. Fisher. 
(Trans. Amer. Inst. Min. Met. Eng., 1954, 200: J. Met., 
1954, 6, Oct., 1146-1147). The author discusses the possi- 
bility that the primary influence of boron in steel, namely the 
retardation of ferrite nucleation at the grain boundaries, is 
due to changes in the austenite grain-boundary free energy 
and the austenite/ — interfacial free energy caused by 
the presence of boron. F. 

An Examination of the ‘Decrease of Surface-Activity Method 
of Measuring Self-Diffusion Coefficients in Wiistite and 
Cobaltous Oxide. R. E. Carter and F. D. Richardson. 
(Trans. Amer. Inst. Min. Met. Eng., 1954, 200: J. Met., 
1954, 6, Nov., 1244-1257). The authors have measured the 
self-diffusion coefficient of iron in wiistite of one composition 
in the range 700-1000° C., using both the sectioning method 
and the decrease of surface-activity method, and comparing 
the results. Below 850° C., the latter method can give 
incorrect results due to the deposited tracer forming small 
crystals during the diffusion anneal and not bonding properly 
to the basic oxide. The results of a similar investigation on 
cobaltous oxide are also given.-—c. F. 

Delta Ferrite-Austenite Reactions and the Formation of 
Carbide, Sigma, and Chi Phases in 18-Chromium 8-Nickel 
8-5-Molybdenum Steels. H. ©. Vacher and C. J. Bechtoldt. 
(J. Res. Nat. Bur. Stand., 1954, 58, Aug., 67-76). A study 
on the effect of chemical composition of the delta ferrite and 
austenite phases and of the amount of delta ferrite on the 
formation of carbide, sigma, and chi phases in this type of 
steel, is made.—B. G. B. 

Thermodynamics of Carbon Dissolved in Iron Alloys. Part 
IV: Solubility of Carbon in Fe-Si-P Melts. E. T. Turkdogan 
and L. E. Leake. (J. fron Steel Inst., 1955, 180, July, 269-271). 
[This issue]. 

Annealing of Cold Worked Metals. P. A. Beck. (Advan. 
Phys., 1954, 3, July, 245-324). A comprehensive review is 
given of developments arising from research in recent years 
on the various processes by which unstable deformed metals 
tend to return to the well-annealed condition, viz. recovery, 
subgrain growth, and recrystallization. (187 references). 

Internal Friction and Dynamic Modulus of Cold-Worked 
Metals. A. S. Nowick. (J. Appl. Phys., 1954, 25, Sept., 
1129-1134). The origin of internal friction in cold-worked 
metals is analysed into (1) the non-linear effect, (2) the 
Késter effect (recovery after deformation), and (3) the vis- 
cosity effect, which is dependent on both frequency and 
temperature. The effects are discussed in terms of the 
dislocation theory.——J. 0. L. 

Crystal Growth by the Tip Fusion Method. P. H. Keck, 
S. B. Levin, J. Broder, and R. Lieberman. (Rev. Sci. Instru- 
ments, 1954, 25, Mar., 298-299). 

Graphical Representation of the Shearing Stress Behaviour in 
Face-Centred Cubic Crystals. J. Diehl, M. Krause, W. 
Offenhauser, and W. Staubwasser. (Z. Metallkunde, 1954, 
45, Aug., 489-492). In order to determine the relationship of 
the orientations occurring in the tensile deformation of face- 
centred cubic metal crystals to hardening, the formation of 
slip bands, and asterism, it is necessary to have a knowledge of 
shear stresses in unconfirmed slip systems. A method of 
graphical representation is outlined, by which it is possible to 
determine the shear stresses in all slip systems for various 
orientations.—L. D. H. 

The Influence of Chromium on the Bonding Forces in 
Crystals of x-Iron. V. K. Kritskaya, G. V. Kudryumov, and 
T. I. Stelletskaya. (Doklady Akademii Nauk S.S.S.R., 1954, 
98, (1), 63-66). [In Russian]. The influence of dissolved 
chromium on the interatomic forces in crystals of « iron was 
investigated by determining the influence of temperature on 
the diffraction of X-rays. The data obtained indicate that even 
2% of chromium considerably increases the interatomic 
bonding in ferrite crystals. An 8% addition of chromium 
causes a further increase in the bond, but a higher chromium 
concentration (16%) has no further influence on the bond 
strength. The measurements of heat effect on the diffraction of 
X-rays by deformed and undeformed alloy with 8% Cr 
indicate that plastic deformation decreases the bonding forces. 

A Note on a Theory of Uniaxial Ferromagnetic Anisotropy 
Induced by Cold Work or by Magnetic Annealing in Cubic 
Solid Solutions. S. Taniguchi and M. Yamamoto. (Sci. Rep. 
Res. Inst., Téhoku Univ., 1954, Series A, 6, Aug., (4), 330-332). 
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[In English]. The origin of uniaxial ferro-magnetic anisotropy 
induced by cold work or by annealing in cubic solid solutions is 
satisfactorily explained with the aid of the model employed 
in Van Vleck’s theory of cubic anisotropy.—4J. G. w. 

Production of Single Crystals of Iron—Aluminium Alloys by 
the Strain-Anneal Method. M. Yamamoto and R. Miyasawa. 
(Sci. Rep. Res. Inst., Téhoku Univ., 1954, Series A, 6, Aug., 
(4), 332-342). [In English]. Details are given of the method of 
producing rod shaped single crystals of Fe—Al alloys by the 
strain-anneal technique. Optimum conditions, gave single 
crystals 3mm. india. x 16cm. long, in 0-53% Al alloy.—J.a.w. 

Some Characteristics of the Isothermal Martensitic Trans- 
formation. C. H. Shih, B. L. Averbach, and M. Cohen. 
(Trans. Amer. Inst. Min. Met. Eng., 1955, 208: J. Met., 1955, 
7, Jan., Section 2, 183-187). The authors report on the iso- 
thermal martensitic transformation in Fe—Ni-Mn and 
Fe—Mn-C alloys under conditions where athermal transforma- 
tion is completely avoided. The rate of formation is extremely 
low initially under these conditions, then increases greatly. 
The true initial characteristics of the isothermal reaction can 
probably be studied only in samples in which the formation 
of martensite on cooling is completely eliminated.—c. F. 


Effects of Tensile Stress on the Austenite to Ferrite Trans- 
formation in Eutectoid Steel. L. S. Birks and E. F. Bailey. 
(Trans. Amer. Inst. Min. Met. Eng., 1955, 208: J. Met., 1955, 
7, Jan., Section 2, 179-182). These effects have been studied 
by X-ray diffraction, high-temperature tensile tests, micro- 
examination, and dilatometry. The tensile stress causes 
re-orientation of austenite above the transformation tem- 
perature, accelerates equilibrium conditions at that tempera- 
ture, and causes precipitations of large carbides at a critical 
stress value.—a. F. 

Calorimetric Study of an Isothermal Transformation. 0. 
Krisement and F. Wever. (Arch. Eisenhiittenwesen, 1954, 25, 
Sept.-Oct., 489-498). The isothermal austenite decomposition 
of a 1-2% C 3-78% Mn steel was studied in the temperature 
range 280-460° C. The heat released by the samples in unit of 
time as a result of the decomposition was measured by the 
Borelius method. The amount of heat released is a measure of 
the amount of transformed austenite and the isothermal 
transformation is less complete with increasing temperature. 
There are two reactions in the transformation: (a) Carbide 
precipitation, and (b) formation of isothermal ferrite, the 
latter being supersaturated with carbon. There is no isothermal 
transformation above 440°C., i.e. no isothermal ferrite is 
formed above this temperature.—r. G. 

Transformation Limits in the Iron—-Nickel System Below 
300° C. F. Lihl. (Arch. Lisenhiittenwesen, 1954, 25, Sept.-Oct., 
475-478). The y —« transformation of Fe—Ni alloys is so 
sluggish that the establishment of the equilibrium diagram by 
thermal analysis is difficult, particularly if the transformation 
at low temperatures is studied. The author suggests a method 
of producing metallic solid solutions by reducing compounds 
which also form solid solutions, e.g. formates or oxalates. 
Although this theory does not apply to all alloys, Fe—Ni, 
Fe—Co, and Ni-Co alloys can be produced as very fine powders. 
X-ray analysis of alloy powders of the three systems narrowed 
the phase fields of the high-temperature modifications, contrary 
to the equilibrium diagrams published by others.—r. a. 

Study of the Effect of Boron on The Decomposition of 
Austenite. C. R. Simcoe, A. R. Elsea, and G. K. Manning. 
(Trans. Amer. Inst. Min. Met. Eng., 1955, 208: J. Met., 1955, 
7, Jan., Section 2, 193-200). The authors have studied the 
mechanism by which boron increases the hardenability of 
steel. It is postulated that boron, because of its atomic 
diameter, concentrates at lattice imperfections, decreasing 
the energy of the local areas and inhibiting nucleation of ferrite 
and bainite. The loss of the hardenability effect and boron 
precipitate formation are attributed to concentration of boron 
at the grain boundaries either with increasing boron content 
or with increasing temperature.—. F. 

TTT-Diagrams for Cast Iron Contribute to an Understanding 
of the Mechanism of the Isothermal Transformation. A. de Sy. 
(Giesserei, 1954, 41, Oct. 28, 589-593). The apparatus for 
obtaining data for isothermal transformation curves consists of 
an extensometer connected to an electronic recording device. 
Four cast irons with 1 and 2% of copper and 1 and 2% of nickel 
respectively, were investigated. In the bainite range the data 
were obtained dilatometrically. The mechanism of the iso- 
thermal transformation is illustrated with photomicrographs. 

Electron-Micrographic Study of the Decomposition Products 
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of Undercooled Austenite. L. Bezdék and D. Riizitvka. 
(Hutnické Listy, 1954, 9, (12), 719-727). [In Czech]. The 
structures found in the decomposition products of austenite in 
a 1% C, 0-05% V Poldi tool steel in the upper and lower 
bainite zones, in the pearlitic zone, and in the transition zone 
between these phases are discussed on the basis of electron 
micrographs. Optical and electron micrographs at 500, 5000, 
and 10,000 diameters are compared.—?. F. 

Study of the Martensitic Transformation in the Neighbour- 
hood of the Ms Point. J. Philibert and C. Crussard. (Compt. 
Rend., 1954, 289, Nov. 29, 1493-1495). A martensitic trans- 
formation occurring below the ambient temperature is 
sufficiently slow to enable its evolution to be followed. The 
kinetics of the transformation in the upper part of the area 
Ar, of a hardened steel were studied. The relationship between 
stabilization and chain reactions is discussed.—«. E. D. 

Mechanism of the Beginning of Graphite Growth in Annealing 
Hardened White Irons. J. Pomey, A. Véragen, and P. Mathon. 
(Compt. Rend., 1954, 289, Nov. 29, 1495-1497). Iron-carbon 
alloys, subjected to a triple heat-treatment, with prolonged 
tempering around 440°C. and graphitization at a higher 
temperature, show graphite in excessively fine and numerous 
grains. Studies of their germination lead one to think that it 
is due to the spontaneous decomposition of the percarbide e 
in graphite and cementite, the reaction being marked by the 
transformation, ¢€ hexagonal — ¢ orthorhombic.—c. E. D. 

Contribution to the Knowledge of the System Tungsten- 
Carbide/Titanium-Carbide/Chromium-Carbide. 0. Riidiger. 
(Techn. Mitt. Krupp, 1954, 12, (1), 22-24). An X-ray and 
metallographic investigation of the quasi-ternary system 
WC-TIC-Cr,C, was made on alloys containing as a rule less 
than 20% Cr, with particular reference to the solubilities of 
the constituents.—L. D. H. 

On the Occurrence of Ti,Fe. W. Gruhl and D. Amman. 
(Arch. Eisenhiittenwesen, 1954, 25, Nov.-Dec., 599-600). The 
intermetallic phase Ti,Fe has been found by several workers, 
whereas others could not detect it. The authors found the 
Ti,Fe phase present in 50% ferrotitanium as small single- 
crystal plates. The structure is face-centred cubie with 99 
atoms per unit cell. They attribute the formation of Ti,Fe to a 
peritectic reaction occurring in high-purity melts if these are 
supercooled and if certain impurities are present which act as 
nuclei.—t. G. 


CORROSION 


Corrosion Research-Protective Coatings. J. C. Hudson. 
(Metal Treatment and Drop Forg., 1954, 21, Nov., 527, 528). 
The current research projects of the Corrosion Section of the 
Chemistry Department’ of B.I.S.R.A. are described.—?. M. c. 

The Application of Electrochemistry to Corrosion Studies. 
M. Pourbaix. (Werkstoffe u. Korrosion, 1955, 5, Nov., 433- 
440). Electrochemical studies of the corrosion of iron and of 
lead are described and the electrochemical equilibrium dia- 
gram for the Fe-H,O0 system at 25°C. is given. Particular 
attention is paid to the behaviour of various carbon and rust 
resisting steels in bicarbonate solutions and to the effect of 
chloride additions on this. Inhibition by chromates and 
phosphates, alone or together, of the corrosion of steel in these 
solutions has also been investigated.—,J. c. H. 

The Corrosion Resistance of Low-Alloy Steels. J. C. Hudson 
and J. F. Stanners. (J. Iron Steel Inst., 1955, 180, July, 
271-284). [This issue]. 

Electrochemical Behaviour of Iron in Hot Concentrated 
Alkali Solutions. V. V. Losev and B. N. Kabanov. (Zhurnal 
Fizicheskoit Khimii, 1954, 28, (5), 824-835, 914-925). [In 
Russian]. Anodic processes and related effects occurring 
when iron was immersed in 10N caustic soda solution at 80° C. 
were studied. Anodic solution under these conditions took 
place irreversibly, and had the same mechanism as in cold and 
more dilute solutions. The stationary potential of the iron 
electrode was more positive than the equilibrium potential. 
Addition of bivalent or trivalent iron ions, and decreasing the 
intensity of stirring, had a passivating action on the electrode, 
and this effect and its dependence on current density and 
iron-ion concentration is explained by the formation of a 
passivating oxide the surface concentration of which depends 
on the iron ion concentration. The solubility product of 
magnetic iron oxide was approximately determined and it was 
shown that the partial passivation of the electrode at com- 
paratively low anodic current densities could not be due to the 
surface becoming partly covered with a phase layer of this 
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oxide. The capacity of the iron electrode in A. C. was studied. 
During this investigation a new electrolytic process was 
observed in which a bright electrode gradually darkened and 
became covered with a dense bluish-black deposit. Passivation 
with respect to anodic processes could be reversed by de- 
creasing the current density. Hydrogen overpotential on the 
anodic oxide layer at 80° C. was measured, and the effect of 
temperature on the process was studied.—s. kK. 

Phenomena in the Boundary Layer between Iron and Paint, 
and the Influence of Inhibitors on These. A. V. Blom. (Werk- 
stoffe u. Korrosion, 1954, 5, Nov., 425-430). After discussing 
the corrosion reactions at a painted steel surface, the physical 
properties of the paint film and the effects of inhibitive pig- 
ments, the author draws practical conclusions regarding the 
protection of steel by painting. He considers that the type of 
paint used should be related to the method of surface prepara- 
tion. Thus paints in drying oil media give good results on 
weathered and hand-cleaned surfaces but, where the steel is 
prepared by flame-cleaning, paints in synthetic resin media or 
coal tar paints or storing paints are more suitable.—J. c. H. 

The Application of Cathodic Protection to Chemical Plant. 
F. D. Murphy. (Indust. Chem., 1954, 30, Oct., 483-487). The 
theory of cathodic protection is simply explained. The use of 
zine and aluminium electrodes is mentioned, and the advan- 
tages of magnesium electrodes are outlined. Limitations of 
the method are discussed, and a comparison is made with 
protective coatings.—?. E. D. 

Corrosion Investigations on Welded Austenitic Stainless 
Steel. A. P. Krijff and A. De Visser. (Smit Mededelingen, 1954, 
9, (3), 1-9, Reprint). [In Dutch]. Loss-in-weight corrosion 
tests (the Huey test) were performed on welded plate speci- 
mens of 18/8 stainless steel using plate thicknesses from 2-3 to 
8mm. The losses by the parent metal plus weld metal, the 
weld metal alone, and the heat-affected zone were determined 
separately. The loss in g./sq. m. per day increased with in- 
creasing plate thickness.—R. A. R. 

Corrosion Investigations on Austenitic Stainless Steel. A. P. 
Krijff and A. De Visser. (Smit Mededelingen, 1954, 9, Apr- 
June, 1-12, Reprint). [In Dutch]. Laboratory methods of 
studying the corrosion resistance of these steels are reviewed 
and the advantages of the boiling nitric acid test are outlined. 

Contribution to the Knowledge of Corrosion of Commercial 
Irons. A. Koéniger. (Giesserei, 1954, 41, Oct. 14, 565-570). 
The corrosion behaviour of pig irons in electrolytes is con- 
sidered in general terms of hydrogen ion concentrations. The 
corrosion process in iron-bearing materials is considered in 
detail. First, the effect of hydrogen ions in the absence of 
free carbon is considered, then in the presence of oxy gen, and 
finally, in the presence of graphite. Making the iron passive by 
recombination with hydrogen and similar processes are 
illustrated diagramatically. Methods of carrying out measure- 
ments of the corrosion process are described.—R. J. W. 

The Behaviour of Commercial Types of Iron in Different 
Acids. A. Kéniger. (Giesserei, 1954, 41, Sept. 30, 522-527). 
Gravimetric and gas volumetric experimental methods are 
first described. Potential measurements on cast iron and 
unalloyed steels in various concentrations of nitric acid are 
described and the results presented graphically. It was found 
possible to render grey iron castings passive in nitric acid of 
concentration 19-1% and upwards.—Rr. J. w. 

The Utility of Thermodynamic Interpretation of Polar- 
ization Curves. M. Pourbaix. (J. Electrochem. Soc., 1954, 
101, Sept., 217c—221c). A description is given of principles 
relating to the thermodynamic interpretation of polarization 
curves. Applications of the method include prediction of 
corrosivity and passivity of iron and steel under various 
conditions.—aA. D. 1. 


ANALYSIS 


An Industrial Spectrograph for Direct Measurement. H. 
Biickert. (Metall, 1954, 8, Dec., 940-945). The principles and 
the design of the Optica S2 spectrograph are fully described, 
and particulars of its sensitivity to trace elements in various 
alloys, including steels and cast iron, are given.—J. G. W. 

A High Precision Slit and Photocell Arrangement for 
Spectrochemical Analysis. C. G. Carlsson. (Spectrochim. 
Acta, 1954, 6, 211-215). [In English]. A slit and photocell 
arrangement is described, used in the determination of 
phosphorus in steel in a direct-reading instrument of medium 
dispersion. The position of each of four slits can be adjusted 
along the focal plene to 1-2 pw, and each slit can be aligned 
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separately, the alignment being checked by photographic 
film. Good separation of the phosphorus and adjacent copper 
line is obtained.—t. D. H. 

Spark Testing. W. M. Gladwin. (Rail Steel Topics, 1954, =. 
(3), 4-10). The advantages of spark testing as a rapid method 
of determining the chemical composition of steels are pointed 
out. The changes in the spark streams brought about by the 
presence of carbon, silicon, nickel, chromium, and molyb- 
denum are described and illustrated with coloured drawings. 

The Importance of Polarization Curves in oe 
Estimations. R. Gauguin. (Chim. Analy., 1954, 36, Nov. 
285-290). The use of a knowledge of oxidation- reduction 
potentials is discussed, and the way in which it enables the 
choice of optimum conditions for accuracy in electrochemical 
analysis, is explained. One example given is the determination 
of Fet? using Cet? solution, both with and without a 
reference electrode.—tT. E. D. 

High-Frequency Titration. K. Cruse. (Arch. Hisenhiitten- 
wesen, 1954, 25, Nov.-Dec., 563-568). This is a general review 
on high-frequency titration.—r. G. 

Determination of Carbon in Steel and other Metals: Use of 
Conductivity Cell. (Jron Coal Trades Rev., 1955, 170, Jan. 14, 
95). An accurate method of determining earbon contents of 
about 0-01% in steels, involving the electrical conductimetric 
determination of CO, produced in the combustion of 1-2 g. 
samples, has been further developed by General Electric Co. 
Ltd. Duplicate agreement is within 0-001%, and usually 
between 0:0002 and 0-0003%.—a. F. 

Spectrographic Determination of Carbon in Steels. F. PLzk 
and B. Lizal. (Hutnické Listy, 1954, 9, (12), 715-718). [In 
Czech]. Steels containing 0-2—1-0°% C were used in a series of 
experiments designed to ascertain ‘the optimum — 
for the spectrographic determination of carbon. In the analyse 
made, errors lie within + 7% of the values obtained “ve 
chemical analysis. Nickel (1%) was found to interfere.—pP. F. 

Spectrophotometric Determination of Combined Carbon in 
Iron. H. Newberg. (Chem. Analyst, 1954, 48, Dec., 93). The 
sample is dissolved in nitric and hydrofluoric acids and the 
resulting colour intensity due to carbides is measured at 
375 mp. Molybdenum interferes.—R. P. 

Carbon Determination in Metals. (Chem. Age, 1954, 71, 
Dee. 18, 1305-1306). A new conductimetric method is 
described, the CO, evolved being absorbed in a specially 
designed cell containing a solution of sodium hydroxide or 
barium hydroxide. The conductivity is determined with a 
Wheatstone bridge. The method can be applied to cast irons 
and steels very low in carbon.—R. P. 

Rapid Determination of Small Amounts of Carbon in Steel 
by the Baryta Agitation Method. T. Heczko. (Arch. Hisen- 
hiittenwesen, 1954, 25, Sept.-Oct., 413-416). The conventional 
volumetric determination of small amounts of carbon in steel 
often have errors up to 0:02%. The author describes a 
method in which the CO, from the combustion of the carbon 
is combined with baryta water, the unused part of the baryta 
being subsequently titrated with HCl. The method is simple, 
cheaper, and much more accurate than the conventional 
volumetric determination. One estimation takes 10-15 min. 

Ion-Exchangers in Analytical Chemistry. H. Specker. (Arch. 
Eisenhiittenwesen, 1954, 25, Sept.-Oct., 417-420). The author 
reviews the history of ion-exchange in analysis and its practical 
application. Suitable ion exchangers for use in ferrous-metal 
analysis have still to be found.—r. G. 

Rapid Photometric Determination of Phosphorus in Alloy 
Steels. L. Beradk. (Hutnické Listy, 1954, 9, (11), 672-674). 
[In Czech]. A detailed description of a method utilizing 
ammonium vanadate and molybdate, with an accuracy of 
+ 0:003% P, with phosphorus contents of 0-005 to 0-050%, 
is given. Errors may occur if the arsenic content exceeds 
0-030%. A complete analysis requires about 45 min.—P. F 

Determination of Nickel. Development of a Method Applic- 
able to All Classes of Steel. B.I.S.R.A. Methods of Analysis 
Committee. (J. Iron Steel Inst., 1955, 180, July, 262-269). 
[This issue]. 

Analytical Standardization in the Iron and Steel Industry. 
J. O. Lay. (Metallurgia, 1954, 50, Oct., 197-200). The activi- 
ties of the ‘Methods of Analysis’ Committee of B.I.S.R.A. 
are discussed.—B. G. B. 

Determination of Hydrogen by Slow Combustion over 
Platinum in Excess Oxygen. S. Schuhmann and M. Shepherd. 
(J. Res. Nat. Bur. Stand., 1954, 58, Aug., 77-80). The 
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accuracy and reproducibility of this method have been 
studied.—B. G. B. 

Safety Precautions in Chemical Laboratories. 
1954, 71, Sept. 4, 483-486). 


ECONOMICS AND STATISTICS 


(Chem. Age, 


Iron and Steel Industry in the Soviet Occupied Zone of — 


Germany. (Jron Coal Trades Rev., 1954, 169, Nov. 12, 
1159-1163). Post-war developments in the iron and steel 
industry in the Soviet-occupied zone of Germany and its 
present position are reviewed. Data are given on raw 
materials supplies, the rising output, and capital investment 
in the principal iron and steel works.—c. F. 

World Trade in Steel. (Brit. Iron Steel Fed. Monthly Stat. 
Bull., 1954, 29, Sept., 5-10). Steel production, and exports 
and imports, mainly in 1952 and 1953 are analysed and 
discussed. The countries of the European Coal and Steel 
Community were collectively responsible in 1953 for nearly 
two-thirds of world exports, but for only one-sixth of world 
production.—k. A. R. 

European Steel Problems 1954. H. Bohr. (Stahl u. Eisen, 
1954, 74, Dec. 30, 1777-1780). The author analyses the 
probable future demands for steel in Europe and compares 
American with European quantities now used in various fields 
of engineering, e.g. railways and motor cars.—T. G. 

Steel Developments in Eastern Germany. (Brit. Iron Steel 
Fed. Montlhy Stat. Bull., 1954, 29, Oct., 5-19). A fairly 
detailed account of the present and planned capacity of the 
iron and steel works of Eastern Germany is presented. 

Steel in 1955. (Brit. Iron Steel Fed. Monthly Stat. Bull., 
1954, 29, Dec., 5-10). Production data in the steelmaking 
districts of Great Britain for 1953 and 1954 are examined and 
related to capacity. The trends and prospects for 1955 are 
examined with notes on new plant.—R. A. R. 


MISCELLANEOUS 


Some Thoughts on Organization in Iron and Steel Works. 
E. Houdremont. (Stahl u. Eisen, 1955, 75, Jan. 13, 1-8). 

Fluid Dynamics in Iron and Steel Making. R. D. Collins. 
(Metal Treatment and Drop Forg., 1954, 21, Nov., 492-494). 


BOOK 


PEIsER, H. 8., H. P. Rooxssy, and A. J.C. Wiison. ‘‘ X-Ray 
Diffraction by Polycrystalline Materials.” (Physics in 
Industry.) La. 8vo, pp. 725. Illustrated. London, 1955: 
Institute of Physics. (Price 63s.) 

This is a book which may be recommended without 
reservation to everyone having any connection with X-ray 
diffraction. To those engaged in X-ray work and its 
applications it will no doubt become a standard work, 
whilst for workers in allied fields there are self-contained 
chapters which may be read as an up-to-date appreciation 
of the applications of the subject. 

This dual purpose is made possible by the form of the 
book. It is in three sections, the first dealing with tech- 
niques, the second with the interpretation of the diffraction 
patterns so obtained, and the third being a series of essays 
on the applications to various fields of research. There are 
some ten chapters in each of the sections, each chapter 


BOOK NOTICE AND NEW PUBLICATIONS 


The work of the fluid dynamics eer rj the Physics Depart- 
ment of B.I.S.R.A. is reviewed.—P. 

Physics Research and Its ‘Apolicetion ‘to the Iron and Steel 
Industry. J. Savage. (Metal T’'reatment and Drop Forg., 1954, 
21, Nov., 491-494). The purpose and fields of activity of the 
Physics Department of B.I.S.R.A. are briefly reviewed. 

Civil Engineering Research. J. S. Terrington. (Metal 
Treatment and Drop Forg., 1954, 21, Nov., 521-523). A brief 
review is given of the field of work covered by the Civil 
Engineering Section of the Plant Engineering Division of 
B.1.8.R.A.—P. M. C. 

Instrumentation in the Iron and Steel Industry. New 
Industrial and Research Equipment. B. O. Smith. (Metal 
Treatment and Drop Forg., 1954, 21, Nov., 499-502). The 
functions of the Instruments Section of the Physics Depart- 
ment of B.I.8.R.A. are reviewed.—P. M. Cc. 

Mechanical Engineering. J. I. T. Green. (Metal Treatment 
and Drop Forg., 1954, 21, Nov., 517-520, 524). The work of 
the Mechanical Engineering Section of the Plant Engineering 
Division of B.I.8.R.A. is outlined.—p. M. c. 

Co-operative Engineering Research for The Iron and Steel 
Industry. H.R. Mills. (Metal Treatment and Drop Forg, 1954, 
21, Nov., 511-512). The early history of co-operative engineer- 
ing research leading to the formation of the Plant Engineering 
Division of B.I.8.R.A. in 1946 is briefly reviewed.—p. M. Cc. 

Chemistry Research. Physical Chemistry, Refractories and 
Corrosion. J. Pearson. (Metal Treatment and Drop Forg., 1954, 
21, Nov., 525-526). The terms of reference and general 
activities of the physical chemistry, refractories, and corrosion 
sections of the Chemistry Department of B.I.S.R.A. are 
reviewed.—P. M. C. 

Operational Research—Statistical Analysis, Accident Preven- 
tion, Transport and Works Operations in Industry. R. T. 
Eddison. (Metal Treatment and Drop Forg., 1954, 21, Nov. 
541-544). The work of the Operational Research Section of 
B.I.S.R.A. is described.—pP. M. c. 

Lighting in Steelworks. G. W. 8S. Levey. (lect. Rev., 1954, 
155, Sept. 17, 431-433). A brief outline is given of steelworks 
illumination from the points of view of optimum levels, safety, 
production, and maintenance.—t. D. H. 


NOTICE 


being written by a separate author. With this number of 
authors the editors are to be congratulated on having 
prevented tiresome repetition and duplication of effort. 
The resulting work thus benefits enormously in that each 
chapter is written with first-hand experience. Throughout 
the whole of the book this brings to the reader an air of 
interest and personal advice which inevitably must be 
difficult for one author to maintain. 

From the title of the book it is of course evident that 
much of the subject matter deals implicitly or explicitly 
with metallurgical problems, ranging from phase boundary 
determinations to preferred orientation and particle size 
measurements. 

There is a useful appendix of tables of X-ray and crystallo- 
graphic data and some 30 pages of references to original 
work. For its 725 pages and general high standard of pre- 
sentation the price is extremely reasonable.—E. A. CALNAN. 


NEW PUBLICATIONS 


NationaL BurEAv oF STanpDArRDs. ‘“‘ Tables of Sines and 
Cosines for Radian Arguments.” (National Bureau of 
Standards, Applied Mathematics Series, 43. A Reissue 
of Mathematical Table MT4.) La. 4to, pp. xiii + 278. 
Washington, D.C., 1955: U.S. Government Printing 
Office. (Price $3) 

Nowospassk1, A. F. 
(Obersetz. aus dem Russ.) 8vo, pp. 332. 
Verlag Technik. (Price DM. 45.—) 

ORGANISATION FOR EvuROPEAN Economic Co0-OPERATION. 
“The Iron and Steel Industry in Europe.” (Trends in 
Economic Sectors.) La. 4to, pp. 54. Paris, 1955: The 
Organisation. 

“ Quin’s Metal Handbook 1954.” Forty-First Year of Publica- 
tion. Obl. 32mo., pp. 735. London: Metal Information 
Bureau, Ltd. (Price 25s.) 

Spato, WirtHEtM. ‘“‘ Fliessen und Kriechen der Metalle.’’ 
8vo, pp. 160. Illustrated. Berlin-Grunewald, 1955 
Metall-Verlag G.m.b.H. (Price DM.13.50) 


“ Konstruktion moderner Hochiéfen.” 
Berlin, 1954: 


JOURNAL OF THE IRON AND STEEL INSTITUTE 


“* Stahlvergleich der gangigen Sorten der Montanunion-Ldnder.” 
Zusammengesetzt von dem Colime (Comité de Liaison 
des Industries Métalliques Européennes.) Hrsgeg. v. d. 
Arbeitsgemeinschaft der Eisen und Metall verarbeitenden 
Industrien (AVI), Frankfurt/M. Loseblatt-Sammlung i. 
Ringbuch, 28 Bl. Berlin, Kéln, Frankfurt/M, 1954: 
Beuth-Vertrieb G.m.b.H. (Price DM.7.50) 

Topt, Frrrz (Editor). ‘‘ Korrosion und Korrosionsschutz.” 
La. 8vo, pp. xxxii + 1102. Illustrated. Berlin, 1955: 
Walter de Gruyter and Co. (Price DM.168) 

“* Werkstoff-Karteit Koloc: Eisen—Stahl.” Mappe I. “ Bau- 
stihle.”’ Folio, loose-leaf. Leipzig, 1953: Fachbuchverlag 
G.m.b.H. (Price 16s.) 

** Zeit- Temperatur-Umwandlungsschaubilder als Grundlage 
der Warmebehandlung der Stdhle.” (Heft 75 der Forsch- 
ungsberichte des Wirtschafts- und Verkehrsministeriums 


Nordrhein-Westfalen.) 8vo, pp. 33. Illustrated. Kdéln, 
1954: Westdeutscher Verlag. (Price DM. 8.70) 
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general HARLES £. BURRELL was born in 1896. He received his education at Norwich 
rrosion : 
A. are Grammar School and in the Engineering Department of the University 


Preven- Leeds. He also spent some time as a pupil in the general engineering work 
l, Nov. Myers Brothers of Leeds. 
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-» 1954, During the First World War Mr. Burrell worked for three years in the gunshops 
slworks } & 


safety, of Armstrong Whitworth Limited, and served for a year with the Royal Naval Air 
Service. He then joined the Leeds Forge Company, Limited, where he held the 


oe posts of junior draughtsman, inspector, and assistant press-shop foreman. In 192 
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he was appointed by T. F. and J. H. Braime Limited, of Leeds, as assistant press-shoy 
manager, and subsequently held various administrative and clerical posts 
works. During this time Mr. Burrell attended evening classes at Leeds Technica 


it that College in order to be able to investigate metallurgical works problems, and in due 
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course he was responsible for the inception of a works laboratory. He then held 


appointment of metallurgist with the Company until his retirement earlier this year. 
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of pre- An Associate Member of the Society of Instrument Technolog) 
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been a member of the Leeds Metallurgical Society since 1947, and was elected to serve 


, - as President for the Session 1954-55. 
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